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NOTICE

The results of the OAST Space Technology Workshop which was
held at Madison College, Harrisonburg, Virginia, August 3 -
Lo 15, 1975 are contained in the following reports:
Do i
| EXECUTIVE SUMMARY
t \ VOL| DATA PROCESSING AND TRANSFER
: VOL Il SENSING AND DATA ACQUISITION P
| VOL il NAVIGATION, GUIDANCE, AND CONTROL
VOL IV POWER
VOLV PROPULSION ,{
VOLVI STRUCTURE AND DYNAMICS : .
VOL Vil MATERIALS :
: VOL Vil THERMAL CONTROL |
[ VOL IX ENTRY | ‘
( VOL X BASIC RESEARCH
VOL XI LIFE SUPPORT ; :
. ,
¢ .
Copies of these reports may be obtained by contacting:
NASA - LANGLEY RESEARCH CENTER
ATTN: 418/CHARLES |. TYNAN, JR. |
‘ HAMPTON, VA, 23665
COMMERSIAL TELEPHONE: 804/827-3666
; FEDERAL TELECOMMUNICATIONS SYSTEM: 928-3666
: :
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I. INTRODUCTION

A. Purpose and Scope

This report sets forth the context and results of the Data
Processing and Transfer portion of the NASA OAST Summer Workshop,
held at Madison College, August 3-16, 1975. The workshop was
tasked with translating user-community needs into technology pro-
gram requirements and identifying areas in which space flight
experiments could significantly improve the prospects for satis-
fying those requirements. In the performance of its duties, the
Data Processing and Transfer Group considered all of the inputs
provided by the user community. These inputs, as well as appli-
cable items from Outlook for Space, are detailed in SECTION II,
WORKSHOP INPUTS. The scope of the various inputs led to the
formulation of two broadly applicable focusing requirements, which
are discussed in SECTION III, MAJOR PROGRAM THRUSTS. The specific
technology programs derived by the group are contained in SECTION
1V, TECHNOLOGY REQUIREMENTS. SECTION V, FLIGHT EXPERIMENTS, docu-
ments areas in which flight experiments will significantly advance
the accomplishment of the desired technology goals. These experi-
ments are representative, rather than exhaustive, and may be modi-
fied as technologies mature or interfaces with other disciplines,

such as Sensors and Data Acquisition, are worked in greater deuail.

~RODUCIBILITY OF THE
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II. WORKSHOP INPUTS

A. Background

The objectives of this Workshop were identification and
dccumentation of a comprehensive technology development pro-
gram which would fulfill NASA requirements through the year
2000. This program was to include definition of specific
tasks down to component level and identification of flight ex-
periments which could measurably aid in the accomplishment of
the development program. The criteria for selection of tech-
nology candidates were embodied in '1975 NASA OAST SUMMER
WORKSHOP OVERVIEW REPORT,'" the '"Outlook for Space'" draft re-
port and "Forecast of Space Technology". The first of these
reports contained a compilation of requirements from the
"User Community", which was composed of the major NASA of-
fices (e.g., OA, 0SS, OMSF, and OTDA). The latter two re-
ports were the result of a year-long NASA-wide study to de-
fine and suggest options for future NASA direction. The
initial two days of the Workshop were devoted to presenta-
tions to the Working Groups by sers and Outlook participants

explaining the requirements.

B. Users

The initial and primary guiding user ''drivers" for the
Data Processing and Transfer Group came from material supplied
by OA, 0SS, OMSF and OTDA, which showed a compilation of en-
visioned technology needs for the 1980-2000 time span. These
depictions were supplemented to the degree practical, with
interface meetings at the Workshop between individuals of the

Technology User Group and the Data Processing and Transfer

Group.




i At the beginning of the Workshop, material was supplied from

each of the four offices. That which was perceived as being rea-

5 sonably lirectly related to the data function was used as a source
2 of drivers for the Data Processing Transfer Group. The material

§ from OA centered in the basic areas of communications, earth ob-

f | servations, and earth and ocean physics. 0SS needs centered in

f the basic areas of astronomy and planetary communications. The

f inputs from OMSF concerning improvements in image enhancement,

g narrow band TV and reduced BW for real-time TV. OTDA needs related
% largely to deep space data systems. All of these inputs combined
% to form an ensemble which covers a rather wide spectrum of data

? related technologies. A tabulation of the user-community inputs,
% by Office, is contained in Table II-1. A separate listing, with

% additional technology areas, was supplied by the Technology User

i Group. It is outlined in Table II-2.

C. Outlook for Space

2“ During the past year, a wide-ranging study of possibilities

: for civilian space activities during the period 1980-2000 was
conducted by a special group established by Dr. James C. Fletcher.
Two major products of this study were made available in draft form
to group participants at the opening of the workshop. The ""Main
Report" contains description and rationale supporting twelve major
themes for Earth-oriented and extraterrestrial activities. These
are further broken down into 125 objectives and approximately 250
representative systems that will contribute to meeting the obiec-
tives. The relationship of the themes and objectives to rational
interests is explored in depth in this volume. The second volume,

"A Forecast of Space Technology'", contains predictions of techno-
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logical capabilities that will be available from 1980 to 2000 that
will support the objectives. This material was used during the
workshop sessions to characterize present system or subsystem
functional capabilities and to establish likely or .epresentative
requirements during the years Qhen the STS is operational.

Most of the objectives and systems identified in the course
of the Outlook for Space study were not examined in sufficient
depth by OFS participants to enable reliable performance require-
ments to be defined; hence, few specifications of needed capabili-
ties similar to the '"user requirements'" discussed above .an be
derived from the '"Main Report'" or from "A Forecast of Space Tech-
nology'". During the forecasting effort, however, an attempt was
made to identify broad areas of technology that deserved special
emphasis in NASA research and development planning. The selection
criteria were 1) that the candidates should require full NASA
commitment and support for significant advancement, and 2) that
they can be expected to have a great impact on future objectives.
Those areas of "preparedness technology' that relate directly or
indirectly to data processing and transfer are listed in Table II-3.

It will be seen that aspects of all of these items are addressed
in the discussion of p.ogram thrusts immediately following, and in

the technology requirements included later in the report.
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OMSF —

0SS —

OTDA —

USER COMMUNITY INPUTS—CONTINUED

IMPROVED REAL-TIME IMAGE ENHANCEMENT

HIGH QUALITY TV OVER LOW GRADE LINES
(REMOTE HEALTH CARE)

BW COMPRESSION FOR REAL-TIME TV

PHYSICS AND ASTRONOMY

-HIGH DENSITY, LOW POWER PROCESSING AND STORAGE
-LONG LIFE SELF-REPAIRING SPACECRAFT SYSTEMS
-IMPROVED DATA HANDLING AND TRANSMISSION SYSTEMS

HIGH GAIN STEERABLE SPACECRAFT ANTENNA
(FOR DEEP SPACE)

X-BAND TRANSPONDER (FOR DEEP SPACE)

K-BAND DOWNLINK (FOR DEEP SPACE)

1015 MASS MEMORY

Table 11-1B
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TABLE 11-2
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Technology User Group Inputs
To
Data Processing & Transfer Group

1975 OAST WORKSHOP

IPEM FUNCTIONAL DESCRIPTION

1. Domestic Communications -~ Electronic
Mail, Medical, Educational
(Outlook For Space - 051)

2, Intercontinental Communications
(Outlook For Space - 052)

3. Personal Communications
{Outlook For Space - 053)

4, Communication/Navigation
(Outlook For Space - 034)

5. Hazard Warning ;
(Outlook For Space - 034) f
6. Earth & Planetary Reentry Communications i
7. Microwave Power Transmisaion ?
8. High Throughput Parallel Processor ;
S. Low Cost Direct Readout User Data Station %
10, Event Detection ?
11, Electronic Components (e.g., High Temp. & Pressure) f
12, High Density Data Distribution ‘
13. Self-Diagnosing & Corrscting Electronic Systems !




OUTLOOK FOR SFACE TECHNOLOGY INPUTS

END-TO-E!D INFORMATION MANAGEMENT
DISTRIBUTED PROCESSING

Py P -

MASS STORAGE

W SOFTWARE PRODUCTION

INFORMATION EXTRACTION AND REPRESENTATION -
LARGE ANTENNA APERTURE

SMALL ELEMENT ARRAY

LARGE SCALE INTFGRATED CIRCUITS AND MICROPROCESSORS

SEMICONDUCTOR MASS MEMORIES

Table il-3
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III. MAJOR PROGRAM THRUSTS

A. Origin

Examination of workshop inputs revealed a proliferation of
flight missions and a large increase in raw data, resulting both
from the increased mission model and higher data rate sensors.
It is evident that NASA will be unable to fulfill its destiny
while continuing to function in troditional ways. Specifically,
NASA will be unable to use Shuttle effectively if it continues to
implement a unique electronic system with each payload or if it
does not break the data processing and transfer log-jam built up
in the limited science collection activities of past programs.
Recognition of these facts led the Data PFocessing and Transfer
Group to identify two major thrusts as fecusing drivers for pro-
posed technology. These were:

1. 1000:1 improvement in information handling
capacity.
2. 10:1 reduction in program life-cycle costs.

These two major thrusts are defined and discussed in the following
paragraphs. If these goals are pursued vigorously, they appear
achievable and they should greatly ameliorate the growing pains
that are inevitable in the development of a Shuttle-saturated

traffic model.
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B. Information Handling Major Thrust

One of the major thrusts identified by the Working Group was
a cost-effective thousand-fold increase in NASA end-to-end data
handling capacity by 1990. The consensus of the Data Processing
and Transfer Working Group was that this major thrust should be
achieved through a balanced development of technologies in data
processing (both spacecraft and ground based) and data communica-
tions and transfer.

Advancement of the technology to perform extensive data pro-
cessing aboard the spacecraft offers both the greatest challenge
and the greatest potential payoff in achieving the goal of this
major thrust. Opportunities for processing data onboard space-
craft include, but are not limited to, the following: (1) prepro-
cessing data from sensors via a predetermined invariant transfor-
mation algorithms, which reduces the sensor's data rate; (2) auto-
mating calibration of sensor data in real time to avoid the trans-
fer of the calibration data via the down 1link; (3) interactive
control of sensor operations either via ground command or onboard
systems, which would permit collecting and transferring sensor data
only when the desired conditions exist; (4) onboard man interactive
recognition processing of high data rate earth resources type data;
(5) onboard formatting of data to reduce the time delays and pro-
cessing costs on the ground. All of these onboard data processing
systems result in an increase in the information content of the data
transferred via the down link and thercfore qontribute greatly to-
wards increasing the end-to-end information handling capability.
Further improvement in the infurmation handling capability can be
achieved by providing data to users on high density digital tape,

with a minimum of ground processing, and the increased use of high

10
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speed parallel processors rather than general purpose computers.
The other and no less important aspect of this major thrust
is advancing the development of higher capacity data links. Even
with improvements in the information content brought about by on-
board data processing, it was the consensus of the working group
that the requirements for data communications will far exceed
present capabilities. Technology developments will be required
in wide bandwidth, high data rate communication 1links such as
microwaves, millimeter wave and optical data communications sys-
tems and the development of signal processing technologies to
utilize more effectively tﬁe bandwidth available in these communi-

cation links.

11
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C. Life Cycle Cost

With the advent of the Space Transportation System during the
1980's, programs and experiments will expand, and reduction of
cost per vehicle and flight will become increasingly important.
For aircraft and space vehicles, electronics is becoming more dom-
inant as a cost driver in development, acquisition and ownership.
It is illusory to think that the cost of commercial devices and
equipment such as calculators and digital watches portend an era
of cheap electronics for space vehicles and payloads, if other
development programs are not u-dertaken. This is true because of
one-of-a-kind experiments, the singular environment, and the costs
of software connected with space missions. To design for minimum
cost it is imperative that the whole life cycle of the equipment
and system operation be considered from end-to-end. This approach
has not been popular since it is far easier and less subject to
controversy to buy on the single criterion of acquisition cost
from the lowest bidder.

This major thrust has been developed on the basis of a desired
10:1 reduction of life cycle cost of electronics and includes the
following major areas of accomplishment and approach:

a. Software
1. Modular, reusable, and automatically or computer generated
2. Easily maintained and modified

3. Eventuzlly hard-wired and therefore producible by physical
processes rather than human programmers

b. Modular Architecture

1. » standard, and therefore less expensive,core data proces-
sing and distribution system that handles any sensor data
or change without rewiring or redevelopment

2. Easily expandable or contractable, but still standard for
any vehicle or experiment

-y PRODUCIBILITY OF THN
©ORIGINAL PAGE IS POOR
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- 3. Based on a concept of distributed, standard micropro-

. cessors and memory elements, and therefore more reliable
and less expensive than a massive central processing
unit.

[P 13& ™

4. Built-in test equipment (BITE) and fault location

5. Based on standard data formats and wide band multiplex-
ing to share lightweight wiring or transfer mechanisms

g e T,

c. Standard Electronic Modules

eyt

1. Use few, highly controlled, reliable, producable, stand-
. ard digital parts for system fabrication. Make bread-
boards flyable, thereby reducing cost of development and
acquisition.

R I

2. Standard form, fit, and function allowing replacement
parts to be procured during different technology eras
and still be low cost.

- RPN

With proper software and BITE, a maintenance concept for
onboard as well as ground support, with 15 minutes mean-
time-to-repair using semiskilled personnel.

R TN
(73]
.

e
v
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E d. Fault Tolerant System Design

Tq 1. Since components cannot be perfect, and software and data
; transfer has errors, mission accomplishment depends on

= system design concepts and theories that allow systems to

continue to operate under these imperfect conditions.

2. Graceful degradation rather than catastrophic failure
allows online repair, and therefore mission continuations,
if proper modular architecture, standard electronic
modules and maintenance concepts are employed.

For these items additively to produce the desired 10:1 cost improve-
ment, a program management structure and firm management control of

space electronics and software will have to be instituted.

13
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D. Supporting Technology

As the Working Group continued its deliberations and analyt-

ical activities, several additional areas of technology too broad
for inclusion in one of the major thrusts, or most relevant to
another Woring Group area of concern, were identified. To avoid
loss of identity, these topics have been grcuped under a heading

of Supporting Technology and discussed in greater detail below.

1. Failure Physics and Microelectronics Technology

Key factors in achieving greater data-handling capabili-
ties and reducing life-cycle costs are the performance charac-
teristics and reliability of the electronic data-processing
subsystems. Because of their importance, these factors are
an underlying concern in all military and aerospace electronic
system developments, and in the manufacture of some consumer
products as well. The driving influence of military and in-
dustrial applications is so high that many advances in micro-
electronics will take place with or without NASA contributions
or involvement. Other advances, however, especially those re-
lated to long-term reliability under high radiation or at ex-
treme temperatures, may depend largely upon NASA initiative.

The major components of system reliability are organiza-

tion and component reliability. Ultimately, it is hoped, there

will be sufficient urderstanding of how nature achieves reliable

performance from an assembly of imperfect parts so that more

emphasis can be placed on organization than on parts reliability

in system design. However, studies devoted to the search for
such principles are in their infancy, and thus the characteris-

tics of the individual components must be given their proper

-
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share of attention.

NASA's requirements for long-term reliability under a
variety of environmental stresses arise primarily from the
planetary program (although all other programs should benefit
from knowledge of how to counteract the effects of radiation,
temperature, and chemical contamination). Since these re-
quirements generally far exceed those placed by military and
commercial users, who constitute the bulk of the market,
NASA's ability to effect changes in manufacturing practices
is small, and it must pay a premium to induce the supplier
to produce products that meet NASA specifications. In nego-
tiations with industry to secure deviations from normal
practices, it is important that parts experts have a good
understanding of what physical device characteristics are
important and what processing and assembly practices will
yield them. Such understanding is likely to be achieved only
if NASA maintains a strong and vigorous research and develop-
ment effort with these objectives:

1) Ascertain the basic physical mechanism that cause
failures in the electronic structures and systems
produced by the microelectronics industry.

2) Develop physical models of these mechanisms that
enable life-time projections to be made, within
a range of uncertainty, given defined and measure-
able initial conditions.

3) Develop processing specifications and requirements
that will enable NASA reliability requirements to be
met in parts procurement.

4) Obtain a knowledge of future technologists that will

enable them to be adopted when industry, for reasons
beyond NASA's control, abandons the older ones.

18
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Along with the above research activities, other efforts
must be pursued to find more self-reliant, fault-tolerant
organizations, and to develop shielding and environmental
control methods that may enable military or commercial-grade
composaents to be used in NASA experiments apd vehicles. Of
equal importance is perceptive and informed management to
ensure that the knowledge gained through successful research
and development is properly applied in agency procurements.

InPJhe past, a variety of approaches more empirical
than these advocated here have been tried by the Navy, the
Air Force, and by NASA, usually with the goal of determining
the effect of processing on radiation-hardened devices. The
results of these efforts have been "recipes" that have been
applicable only at the facilities where they were dcveloped,
and that generally have beenr non-transferrable. A more basic
approach is needed which attempts to solve difficult and im-
portant problems by understanding them.

2. Information and Computer Science

The computer is the symbol for information processing.
In twenty-five years, starting from a laboratory curiosity,
it has become the focus of a multibillion dollar industry
that is still rapidly growing.

While the computer can be regarded as a tool that serves
human informatiosn processing needs, it is such a complex and
powerful ;ool that its development has spawned new areas of

basic studies. Since the aim of these studies is to create

organized bodies of knowledge, they can legitimately be called

~ sciences.
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It is to be expected that advances in information and
computer science, and in their engineering applications,
would underlie most of the technology advances projected
by the Data Processing and Transfer Group. Similar advances,
however, are mandatory for other technologies that depend
upon the computer as a tool for use in development or as an
operational element of systems. So widespread are the uses
of computer systems within NASA that thesre is a danger of
much duplication of effort and reworking of already plowed
fields as individuals attempt to improve and understand the
computer as a tool while they apply it to their own purposes.

It is essential that, as an agency whose primary role
is the acquisition and dissemination of new information about
the earth and space, NASA recognizes the functions of infor-
mation management, as performed by computers and related
machines, as subjects of study whose pursuit demands careful
planning and review. A wide spectrum of activities should
be recognized and supported, ranging from basic research in
carefully selected fields of information and computer science
to cost and benefit accounting. Data management activities
must be understood and coordinatea in relation to a carefully
considered agency philosophy and perspective. Only by these
measures, which place computer-related research, development,
and management activities within a coherent framework, is NASA
likely to give them purpose and direction, raise the probability
of useful and valuable outcome, and to reduce the rate of in-
crease, if not the total, of the expenditures associated with
the use of the computer, its most productive and pervasive

tool.

17
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3. Transfer of Space Solar Power by Microwaves

Both Outlook for Space and the Office of Manned Space }

Flight indicated high interest in a program to develop space
solar power into an economically viable source of terrestrial
energy. The envisioned system would use solar cells to con-

vert incident solar power into direct current power. This

power would then be converted to microwaves focused on a <

relatively small terrestrial spot where it would be reconverted
to direct current and fed into the power grid. Output power
levels are projected at 5,000 megawatts. A microwave system
such as this would not be a simple task and would require major
developments, beginning in the immediate future. However, the
requirement does not stem from either of the two major thrusts
discussed. Rather it is supportive of a major thrust that

could be identified in the energy realm.

18
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IVv. TECHNOLOGY REQUIREMENTS

A. Discussion

It is clear that all space derived data must be brought down
to earth and put into a form that man can understand. Further,
implicit in the terrestrial "Outlook for Space'" themes is the need
for large increases in the amount of information required to im-
plement those themes. For instance, a global food and forestry
management capability will require a large step increase in data
rates over the present Landsat series, because the resolution must
be higher, the spectral signatures must be more detailed, and the
frequency of observation must be increased. It is estimated that
during its lifetime, Landsat I returned to earth 40 times the total
number of bits returned to earth by all other NASA spacecraft. The
Outlook for Space themes imply a similar future increase over the
Landsat capability. Simply pushing up the communication bit rate
is a simplistic, expensive solution. A nore cost effective apprnach
is possible. The technology requirements that follow recognize that
improvements throughout the information handling system are needed
to keep up with the expected information flow from space. These im-
provements will result in lower information costs.

Software is recognized as a most fertile area of work. Since
nearly all systems today, both flight and ground, require a large
amount of software, even modest advances in software cost effective-
ness would be welcome. A breakthrough would revolutionize data
management.

Modular data processing architectures that build on standard
functions will allow cost effective trade off between hardware and

software and between central and distributed hardware approaches.

19
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Improvements in high data rate processing will be required.
These, if performed onboard, 1.ill convert '"data' bits into fewer
"information'" bits. Often what is information and what is gar-
bage cannot be determined until after an experimental phase is
complete and an operational system is in place. However, with
the possibility of a manned-interactive flight instrument, the
information content may perhaps be deduced in real time, elimina-
ting the need to transmit garbage.

Communication and wideband information transter will exploit
improvements in these technologies. It is recognized that infor-
mation processing and software innovations are not likely to hold
the bit rate down to today's levels. Cost effective systems will
require considerably higher bit rates.

Improved data storage, both for the ground and especially for
the spacecraft, is an essential ingredient of successfully meeting
our cost and capability goals. Data storage system size, weight,
power and cost are always high. In spacecraft it is usally higher
than the rest of the data system combined. Processors have shrunk
in size and cost due to LSI. Software could be cheaper if large,
cheap memories were available; even communication 1links would be
easier to build, since more processing could be done on the space-
craft. For instance, the Landsat spacecraft has a 15 megabit com-
munications Jlink. If a good 106 bit flight ouffer memory had been
available, this could have been reduced to about 6 megabits per
second without disturbing the usable data in any way.

The Technology Requirements cre individually quite narrow,
but the improvements each holds out is needed in order to make

cost effective information systems.
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5. REQUIREMENT LISTINGS

Table IV-1 lists the detaited technology requirements developed
by the Data Processing and Transics Group. The listing is ordered
by application to the major p.:. 7. thrusts identified in the pre-

‘ng section, sc that some te.h ' [ogy requirements are repeated
di-e to multiple applications. [ -« requirement is also identified
b a code letter M or O desig -~:. ng it as "Mission Driven'" or
"Opportunity Driven'". For * . _curpose, the following definitions
were adopte: by the Urous .

Mission Driver- -Technologies required by missions
describzd in th» NASA 1973 Mission Model or by
Outlook for Space/User inputs which are clearly
within NASA's charter as the principal user.
Opportunity Driven--Technologies which are re-
auired by Outlook for Space/User inputs outside
of NASA's charter or which could provide the

capability to perform functions not now proposed
as future missions.

Tables IV-2 and IV-3 provide reference matrices which relate
the technology requirements listed in Table IV-1 to the User Com-
munity and Qutlook for Space inputs discussed in Section II, and
to the major program thrusts of Section III. A detailed descrip-

tion of each technology requiremert follows the tables in the

order listed in Table IV-1,
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DATA PROCESSING & TRANSFER
TECHNOLOGY REQUIREMENTS

(MAJOR THRUST #1 - 1000:1 INCREASE IN END-TO-END INFORMATION HANDLING)

ITEM # DESCRIPTION MISSION DRIVEKN(M)
OPPORTUNITY(O)
1A HIGH DATA RATE PROCESSING
1AL RECOGNITION PROCESSING OF IMAGE TYPE DATA /N-BOARD SPACECRAFT M
1A2 ON-BOARL PROCESSING OF MULTISPECTHAL SCANNER DATA M
1A3 MODULAR PARALLEL PIPE-LINE P° CESSOR (MPPP) M
1B INFORMATION EXTRACTION & DATA COMPRESSION
1Bl INFOFMATION EXTRACTION & DATA COMPRESSION M
ic WIDEBAND INFORMATION TRANSFER
1Ccl LASER DATA TRANSFER M
102 MILLIMETER WAVES FOR SPACECRAFT/SPACECRAFT DATA TRANSFER M
1C3 HIGH CAPACITY KU-BAND COMMUNICATION TERMINAL M
ick LOW COST RELIABLE MODULAR MICROWAVE COMMUNICATIONS ACTIVE ANTENNA M
1c5 LIGHT WEIGHT TRANSPONDER M
1D HIGH DENSITY, LOW COST STCRAGE
1D1 ON-BOARD SOLID STATE DATA STORAGE SISTEMS M
1De LOW COST RANDOM ACCESS MEMORY . M
1D3 BULK DATA STORAGE FOR SPACECRAFT (102 ANC LARGER) M
1Dk MASS MEMORY FOR PROCESSING ACQUIRED DATA M
1E MODULAR ARCHITECTURE
1E1 MODULAR ARCHITECTURE FOR DATA PROCESSING & TRANSFER SYSTEMS M
1F MANNED INTERACTION
1F1 VISION ENHANCEMENT & ASSISTANCE FOR TELEOFERATOR CONTROL SYSTEMS 0
1G COMMUNICATIONS
1G1 DIRECT BROADCAST/NARROWCAST SYSTEMS 0
162 SATELLITE DATA COLLECTION 0
1G3 TRUNKING & TELEPHONY SYSTEMS 0
1G4 SPECTRUM MONITORING TECHNOLOGY (RFI) M

TABLE IV-1A
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DATA & PROCESSING & TRANSFER
TECHNOLOGY REQUIREMENTS

(GENERAL SUPPORTING TECHNOLOGY)

DESCRIPTION

MISSION DRIVEN(M)

GST-1

GST-2

TRANSFER OF SPACE POWER BY MICROWAVES

RADIATION TOLERANT ELECTRONIC COMPONENTS & SUBSYSTEMS

TABLE IV-1C
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Continued---RELATIONSHIP OF USER REQ'S/TECHNOLOGY NEEDS/MAJOR THRUSTS

User Requirements Major Thrusts
User vifice Technology Needs 1 2
OMSF Improved Real-Time Image Enhancement 1F1
M TV Over Standard Narrow Bank Links 1G4
!
H Bandwidth Compression for Real-Time TV 1F1,1B1 2A7
161
0SS Physics & Astronomy
.High Density, Low Power Data Processing 1A,18 2A7,8,9,10
& Storage Systems
.Long Life, Self-Repairing Spacecraft Systems 1E1 283
.Improved Data Transmission & Data Handling 1A,1B,1C 2A7 ,8,9,10
, m Techniques
| >
, FM OTDA Higher Gain Steerable Spacecraft 1C
_m OB Antenna Systems for Deep Space
mmamu X-Band Transponder for Deep Space Applications 1C5
: <
| mm K-Band Downlink for Deep Sp::e Applications 1c3,1c4
.=
- 8z 1015 Mass Memory Storage with Fast Access, 1D 2A12,13,14,15
£ Small Volume, & Low Power Consumption
LAy

Table IV-2b
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _1Al

1. TECHNOLOGY REQUIREMENT (TITLE): _Recognition Processing PAGE 1 OF _3_
Of Image Type Deta On-Board Spacecraft
2. TECHNOLOGY CATEGORY: __ System

3. OBJECTIVE/ADVANCEMENT REQUIRED:_To advance the technology of

—multispectral jmage data recognition processing to the point thet such =
processing can be performed on-board spacecrafi

}. CURRENT STATE OF ART: _Becognition processors are currently being

developed for use in ground processing of this type data at much lower

data through-put rates HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

On-board recognition processing will require the development of

1) preprocessing systems to calibrate and format the data for recognition
processing

) high speed parallel processors to perform the recognition processing

) high speed, high capacity random access digital storage devices

) man interactive controls and displays necessary in the near term to
assist and monitor the recognition process

) digital computer controllers to control the flow of data through the
recognition processor

) scene analysis and location systems

N W\ £=w

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,[0 B,00 ¢/D

6. RATIONALF AND ANAILYSIS:

Barth resources type sensors (multispectral scanners, synthetic aperature
radars, etc.) in the future will be capable of generating more data than the
communication links can handle. One approach to reduction of the data
transmission requirement 1is to perform the recognition processing on-board the
spacecraft and transmit only the processed information to the ground station.
This capability opens up a wide range of operating modes which range from data
set selection to full scale recognition map meking in space.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1Al

—————

1. TECHNOLOGY REQUIREMENT(TITLE): Recognition Processing PAGE 2 OF 3
Of Image Type Data On-Board Spacecrart

7. TECHNOLOGY OPTIONS:

1) Development of parallel processing systems capable of processing image data
at least at the pixel data rate of the sensor preferably at faster than
real time data rates to allow for training algorithm up dates during the
processing.

2) Data storage technology must be advanced on a broad front. (i.e., high speed
scratch pad memories, high speed disc like systems, and bulk storage systems )

3) Development of efficient man machine interfaces suitable for operations in a
spacecraft environment.

4) Development of high speed gemeral purpose, fault tolerant computer systems.

5) Development of on-beard date aquisition systems designed to collect data
from a wide variety of spacecraft sensors and present this data to the
processing systems in a form that can be used to make decisions based on
the inputs of multiple sensor systems.

8. TECHNICAL PROBLEMS:

Complex parallel processing at pixel rates up to 10
Real time training set selection.

Coliection and up-link transmission of ground truth data.

Development of random access bulk storage systems with fast access times.
Determination of the pointing location of the spacecraft scanner relative
to the location of ground truth in a real time environment.

6 pixels per sec.

W W o
e e e e e

Y. POTENTIAL ALTERNATIVES:

Multi-gigabit date links

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

(see par. T&8)




L e e e o — e
Ty
i

DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1Al

—

_i, ———
1. TECHNOLOGY REQUIREMENT (TITLE): Recognition Processing PAGE 3 OF 3

Of Image Type Data On-Roard Spacecraft

12. TECHNOILOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 |77§78]79180|81|82|83]|84135]86]|87188]|89l90]91

TECHNOLOGY

1. Requirements Trade- 1

Off Study

2. Processor Design

3. Fabrication

4. Test B

5. Documentation |
APPLICATION

1. Design (Ph. C)
2. Devl/Fab (Ph. D)

3. Operations

—
4,
13. USAGE SCHEDULE:
1
TECHNOLOGY NEED DATE Y TOTAL
NUMBER OF LAUNCHES 3 3
14. REFERENCES:
15. LEVEL OF STATE OF ART 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
] N ENVIRONMENT IN THE LABORATORY,
1. BASIC PHENOMENA ORSERVED AND REPORTED. 8. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
2, THEORY FORMULATED TO DESCRIBE PIENOMENA. 7. MODEL TESTED iN SPACE ENVIRONMENT.
3, THEOM TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPANLITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL. OPERATIONAL MODEL.
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIARILITY UPGRADING OF AN OPERATINAL MODEL.
E.G., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OJ'LRATION.A!, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. _1A2

TECHNOLOGY REQUIREMENT (TITLE): _On-Board Preprocessing PAGE 1 OF _3_

Of Multispectral Scenner Dats

A

2, TECHNOLOGY CATEGORY: System
3.

OBJECTIVE/ADVANCEMENT REQUIRED: To develqp the capability to perform.

multispectral scanner sensor calibration and data formating on-board the

spacecraft,

4.

CURRENT STATE OF ART: Preprocessing of this type is performed in ground

processing facilities using conventional general purpose digital computers.

HAS BEEN CARRIED TO LEVEL __

9. DESCRIPTION OF TECHNOLOGY

The processing necessary to meet this requirement involves interacting with
the data stream from the sensor at real time data rates in the spacecraft
environment. This interaction involves the following:

1) Calibration data stored in some spacecraft system prior to the mission

2) Dynamic calibration data produced by the sensor during the mission

3) Calibration data provided by other sensors and systems on-board the
spacecraft

L) cCalibration data transmitted to the spacecraft from the ground during the
mission.

Preprocessing of this nature must be performed at high data rates and be

adaptive in nature.

P/L REQUIREMENTS BASED ON: [[] PRE-A,[J A,[J B,00 ¢/D

6.

RATIONALF AND ANALYSIS:;

Cne of the major data processing log jams in the present processing of earth

resources type data is the necessity for calibration, correction and
reformating of the data by ground processing facilities before it is available
for recognit.on processing. Preprocessing the date on-board the spacecraft in
real time would provide a significant reduction in the cost of processing
earth resources type data as well as reducing the end to end processing time.

In addition, this would reduce the requirements on the communications

bandwidths also effecting a potential further cost saving. This type system
is also a prerequisite for practical application of on-board recognition
processing.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY RE (JIREMENT NO, 142

mm—
—————— ————

1. TECHNOLOGY REQUIREMENT\TITLE); On-Board Freprocessing

PAGE 2 OF 3
Of Multispectral Scanner Data

7. TECHNOLOGY OPTIONS:

Several approaches to this task exist. One approach would be to incorporate
the preprocessing as part of the sensor system. This approach may allow the
calibration to be performed at the analog level there by reducing the high
speed data requirements. It may also be possible to organize and sensor
system such that reformating of the data is unnecessary. An all digital
approach which need not be an intimate part of the sensor system could provide
sufficient flexibility to operate with & variety of sensors without a separate
system development for each sensor. An all digital approach however would
likely encounter more difficulty with the high data rates involved.

TECHNICAL PROBLEMS:

) Calibration algorithm determination

) Collection of calibration data in real time
) High data rate parallel processing

) Resolution and accuracy

; Calibration ccnfidence verification

lack of agreement on optimum formats for processing scanner data.

Y. POTENTIAL ALTERNATIVES:

10. PLANNFD PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL _

11. RELATED TECHNOLOGY REQUIREMENTS:

See T&8
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l_ DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1A2

e

1. TECHNOLOGY REQUIREMENT (TITLE): On-Board Preprocessing PAGE 3 OF _3_

_Of Multispectral Scanner Data

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

1. Design (Ph. C)
2, Devl/Fab (Ph. D)

SCHEDULE ITEM 75176 ]77]78]|72]80181|82{83{84|35]{86}87]88{89}90|91
TECHNOLOGY
1, Requirements Study L
2, System Desiga -
3. Fabrication of

Prototype

4. Test -
5.
APPLICATION

3. Operations

4.
13. USAGE SCHEDULE:

1
'PECHNOLOGY NEED DATE v TOTAL
NUMBER OF LAUNCHES 1l e 5

14. REFERENCFS:

15. LEVEL OF STATE OF ART

BASIC PHENOMENA ORSERVED AND REPORTED,
. THEORY FORMULATED TO DESCRI!BE PHENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPOMENT, ETC,

0 -

COMPONENT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRa FT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT.

NEW CAPARILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

LIFETIME EXTENSION OF AN OI'LRATIONAL MODEL,

33
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _1A3

4 —————————————

1. TECHNOLOGY REQUIREMENT (TITLE): Modular Parallel
Pipe-Line Processor (MPPP)

2. TECHNOLOGY CATEGORY: System

3. OBJECTIVE/ADVANCEMENT REQUIRED: Development of & modular high speed
parallel pipe-line processor capable of supporting the requirement for cne-

PAGE 1 OF 3 _

board multispectral processing
4. CURRENT STATE OF ART: _Parallel pipe-line processors are being used for

data processing of multispectral date in ground data processing facilities
at much lower data rates than required. HAS BEEN CARRIED TO LEVEL __

5. DESCRIVTION OF TECHNOLOGY

The Modular parallel pipe-line processor will be composed of a variety of
computation modules eacih of which will be capable of performing a specific
task (i.e. addition of vectors, multiplication of vectors, calculation of
determinants, etc.). Each module connects with a segmented buss structure
such that the order and combination of the modules connected to the buss

determines the basic algorithm to be processed. Additional control of the
algorithm and data flow is determined by the constants and control vectors
entered at critical points in the algorithm flow by the control computer.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,[0 B,0 ¢/p

6. RATIONALF AND ANAILYSIS:

Both the prerprocessing and recognition processing of high data rate earth
resources image data will require a high speed parallel processor. A modular
structure as described above will allow sufficient flexibility to use the
MPPP with & variety of sensor and processor requirements without requiring

a separate hardware development for each application, thus enabling a cost
effective approach to on-board parallel processing.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO, 1A3 '

1. TECHNOLOGY REQUIREMENT(TITLE): Modular Parallel PAGE 2 OF 3.
Pipe-Line Processor (MFPP)

7. TECHNOLOGY OPTIONS:

Although the required module functions can be fabricated using standard off

tne shelf digital logic, neither the form factors (size , weight, cte.) nox

the resulting power consumption would be suitable for spacecraft use. A new
device technology or significant advancements in current technologies must

be achieved before the maximum advantage of a system like this could be
realized. Near term objectives should however begin concentrating on
developing pro*totype systems to verify the concept and encourage the development
of technology necessary for the spacecraft implementation. Non-Tlight qualified
versions of the concept could be put to use processing earth resources data on
the ground.

8. TECHNICAL PROBLEMS:

1) High speed, low power complex digital integrated circuits are required
which are not currently awvailable.

2) Size , welght¢, and power requirements without integrated circuit technology
advancements.

Y. POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Integrated circuit development in the area cf high speed, low power devices for
complex arithmetic and logical functions.

High speed semiconductor random access memory technology.

High speed fault tolerant computers for aerospace applications.
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L DEFINIi10N OF TECHNOLOGY REQUIREMENT No. 1A3

1. TECHNOLOGY REQUIREMENT (TITLE): Modular rarallel PAGE 3 OF 3 __
Pipe-Line Processor (MPPP)

12, TECHNOLOGY REQUIREMENTS SCHEDULE;:
CALENDAn YEAR

e s R it e

SCHEDULE ITEM 75176 177178179]80{81}82]|83|84|{35|86|87]88{89]90]91

TECHNOLOGY
1. Analysis/Design

2. Fabrication

N e e - et s

3. Test [
4 .
5 .

APPLICATION

1. Design (Ph. C)
2. Devl/Fab (Ph. D)
3. Operations

1.

13. USAGE SCHEDULE:

1
TECHNOLOGY NEED DATE TOTAL

NUMBER OF LAUNCHES

o b e n = pes oy Pra E- b

14. REFERENCES:

15. LEVEL OF STATE OF ART 8. COMPONFNT OR BREADBOARD TESTED IN RELEYVANT
ENVIROKMENT IN Tt LARORATORY,

1. BASIC PHENOMENA ORSERVED AND “EPORTED. 6. MODEL TES1ED IN AIRCRAFT ENVIRONMENT.

2, THEORY FORMULATED TC DESCRIB.. PLENOMENA. 7. MODEY TESTED IN SEACE EXVIRONMENT.

3. THEORY TESTED DY PHY,ICAL FXPERIMENT 8. NEW CAPAIILITY DLRI ED FROM A MUCH LESSER
OR MATHEMATICAL *.ODLL., OPERATIONAL MODEL.

4. PERTINUNT FUNCTIO' OR CHARACTERIS.IC DEMONSTRATED, 3, RELIARLITY UPGRADING OF AN OPL (A FI'WAL W “EL,
E.C., MATERIAL CONMPONENT, F7C, 10, L'+ETIME EXTENSION OF AN OFL RATION \!. MODVL,
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DEFINITION OF TECHNGLOGY REQUIREMENT NO. _1Bl
1. TECHNOLOGY REQUIREMENT (TITLE): _Information Extraction PAGE 1 OF _4

And Data Compression--Both Earth-Orbital And Planetary Flight

2. TECHNOLOGY CATEGORY: _ Data Processing and Transfer

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Pre-process and process on-toard
sensor data in a distributed flight data system which then compresses data
centrally for transmission to ground.

i. CURRENT STATE OF ART: _Ray and mcnor preprocessed data is inter-
leaved/multiplexed for transmission to the ground with scme moderate
compression. HAS BEEN CARRIED TO LEVEL 3

5. DESCRIPTION OF TECHNOLOGY

Incorporate in sensor output!s) the necessary sensor calibration and conversion
algorithms to more nearly select or discriminate the desired intelligence in
meaningful units such that only the useful data are taken. Next, provide dis-
tributed microprocessors and tailored software associated with each stand alone
sensor or group of related semsors (experiment) to discard irrelevant and
repetitive infermation. Only initial state and subsequent change data should
be provided to the vehicle central processor for transmission to the ground for
image data which a user insists be transmitted to the ground, only those frames
which exhibit predetermined change characteristics should be provided or only
the affected portions of those frames. The vehicle central processor should
provide the vehicle time base and should perform data interleaving and data
compression (up to 1000:1). The system (Continued on page 4)

P/L REQUIREMENTS BASED ON: E§ PRE-A,[J A,[0 B,0 ¢/D

6. RATIONALE AND ANALYSIS:

The magnitude of data to be processed will be staggering based on plans for
future earth-orbital and planetary missions involving continuous or near-
continuous measurements from complex sensors. If on-board pre-processing and
processing are not significantly increased to transmit only what is relevant
to the problem at hand, the impact on down link communications will be to
exceed its capability. Furthermore, the major volume of data generated will
have to be stored/processed in ground-based facilities with longer loop time
for experiment analysis and modificati_.a.

THE
+»RODUCIBILITY OF
' ~INAL PAGE IS POOR

TO BE CARRIED TO LEVEL T_




DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): Information Extraction =~ PAGE 2 OF L
And Data Compression

7. TECHNOI1.OGY OPTIONS:

Location of on-board processing (central vs. distributed) and the extent
of man interaction for manned vehicles provides options within the basic
technology &area.

8. TECHNICAL PROBLEMS:

To discriminate the desired/significant intelligence from sensor outputs,
particularly when many items can be determined from complex sensors, and to
represent the relevant results in efficient terms poses a major problem in
information science. Also, date compression of the desired magnitude without
increasing error rates poses & problem of low-noise time-stable circuitry.

Y. POTENTIAL ALTERNATIVES:

Increase communication link data transfer capacity and enlarge ground-based
data processing/storage facilities.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Sensor . :hnology advancement.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1Bl
— |
ﬁ. TECHNOLOGY REQUIREMENT (TITLE): PAGE 30F _4 _
Information Extraction And Data Compression
12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75]|7677178179180|81]82|83|84]|35|86]87]88]|89]90]|91
TECHNOLOGY
1. System Concept
2, System Design
3. VFabrication
4., Test & Demo
5. Documentation 4.
APPLICATION
1. Design (Ph. C)
2. Devl/Fab (Ph. D)
3. Operations i
4.
13. USAGE SCHEDULE:
-
TECHNOLOGY NEED DATE TOTAL
NUMBER OF LAUNCHES
14. REFERENCES:
Outlook For Space
15, LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,
1. BASIC PRENOMENA ORSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
2, THEORY FORMULATED TO DESCRIBF PUHENOMENA. 7. MODEL TESTLD IN SPACE ENVIRONMENT,
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRANDING OF AN OPERATIONAL MODEL,
E.G., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OU'LRATIUNAT, MODEL,

39
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1Bl
- |
1. TECHNOLOGY REQUIREMENT (TITLE): PAGE OF 4_

Information Extraction And Data Compression

should be adaptive to the extent that the system gains/sensitivities,
sensor fields of view, conversion factors, compression ratios, etc. can
be modified either by man, ground processor, or vehicle processor based on
P.I. decisions, predetermined conditions, etc. (depenient on permissible
loop time).

i s 4

S mmraar someama ramar g

< it s €1

|

S, e et

e



"

TR RAITINL IR IR ST 0  tae- s 15 SHr T PR

1. TECHNOLOGY REQUIREMENT (TITLE): _laser Data Transfer PAGE 1 OF 3_

DEFINITION OF TECHNOLOGY REQUIREMENT NO., _1C1

2. TECHNOLOGY CATEGORY: System

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Provide wideband (up to one gigabit)

data transfer capability for space-to-space data links

4. CURRENT STATE OF ART: _Engineering model systems have been demonstrated
in laboratory operations.

HAS BEEN CARRIED TO LEVEL §_

5. DESCRIPTION OF TECHNOLOGY

Laser heterodyne systems operating at 10.6 microns with 25 centimeter
telescopes as antennas at both the receiving and transmitting stations

can provide data rates up to 500 megabits per second with currently available
technology. Nd: YAG systems operating at 1.06 microns in a direct receive
mode with 4O cm. telescupes at the transmitter and 60 cm. telescopes at the
receiver have been operated at rates up to one gigabit in the laboratory.

Both systems have potential to meet the stated requirements. Space testing

is necessary to verify laboratory performance, identify operational limitations,
and qualify laser systems for space applications.

P/L REQUIREMENTS BASED ON: [[]J PRE-A,[ A, B, ¢/

6. RATIONALFE AND ANALYSIS:

a) lLaser systems offer tue most effective and econcmical approaches to
achieving data transfer rates in the gigabit per second range.

b) All earth observation satellites plus planetary spacecraft operating
with imaging systems or other types of high data rate sencors would
benefit from this technology.

c) Wideband data transfer would permit operation of sensors at meximum
resolution and sensitivity limits and lessen the requirement for on-board
storage or processing of data.

d) Space testing is needed to eliminate unknowns and minimize risk in
operational applications. The system should be operated in & typical
data link over an extended period of time to assess operating margins,
tracking and acquisition capabilities, and laser operating life in a
space environment.

TO BE CARRIED TO LEVEL T _

4
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1C1

——

1. TECHNOLOGY REQUIREMENT(TITLE): _Laser Data Transfer PAGE 2 OF 3_

7. TECHNOLOGY OPTIONS:

Primary option is to trade off between coherent and noncoherent approaches.
Coherent system is limited by available modulation techniques to about 500
megabits per second. Research on improved modulator/demodulator technologies
is being conducted under current R & D programs.

Noncoherent approach requires larger antennas (telescopes) to provide needed
link margins due to limited power and efficiency of lasers. Efforts to
improve laser efficiency are underway also.

8. TECHNICAL PROBLEMS:

Problem areas inclucde laser lifetime, laser pumping techniques, modulator
techniques and detector response time.

Y. POTENTIAL ALTERNATIVES:

Alternative approaches include extension of current microwave systems
technology to higher frequencies and the development of millimeter wave
systems to improve the data relay link capability. On-board data handling
and processing technology provides an additional alternative where total
data return is not required.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Continuing laboratory R & D activities can provide more efficient lasers,
modulators and detectors (RTOP 50€-20-23), but will not provide needed

space tests. Planned AF experiment will demonstrate Nd:YAG system in spece-
to-ground mode in 1980, but cannot answer questions on space-to-space system
operation.

EXPECTED UNPERTURBED LEVEL __

*1. RELATED TECHNOLOGY REQUIREMENTS:

Advanced data storage and processing techniques in ground based systems will
be required to handle the increased data flow resulting from this technology.
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DEFINITION OF TECHNOLOGY REQUIREMENT

==

NO, 1Cl :J

1. TECHNOLOGY REQUIREMENT (TITLE): laser Data Transfer

PAGE 3 OF _3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM

75

76|77]78]79]80[81

82183]84]35]86}87]188}89{90

TECHNOLOGY
1 Prototype Design &
. Test
2 Flight Model Fabri-
) cation
3 Spacecraft Integra-
: tion

4, Flight Test

5 Operational System
* Specification

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)

3. Operations
4.

13. USAGE SCHEDULE:

TECHNOLOGY NIEED DATE

v |(eoa (¥m4ratﬂ.on TIRSS)

1
'OTAL

NUMBER OF LAUNCHES

T

be ddteruied

¥ bpd OVled insxsic

modefl

14. REFERENCES:

197k.

OR MATINEMATICAL MOLLL,

15. LEVEL OF STATE OF ART s

3. BASIC PHENOMENA OBSERVED AND REPORTED,
2, THEORY FORMULATED TO DESCRIBE PIIENOMENA,
3. THRORY TESTED BY PHYSICAL EXPERIMENT

= -3 O
o o =

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, L ]
E.G., MATERIAL, COMPONENT, ETC, 10

1. [NASA Iaser Data Relay Link Experiment for the DOD/NASA Cooperative
Space Iaser Communications Flight Test, Volumes I ari II, GSFC, May

COMPONENT OR BREADBOARD TESTED IN RELEVANT

ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT,

NEW CAPARILITY DEwiV D FROM A MUCH LESSER

OPERATIONAL MOL. L.

RELIARILITY UPGRADING OF AN OPERATIONAL MCDEL.,
. LIFETIME EXTENSION OF AN OI'LRATIONAL MODEL,

a3
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1C

1. TECHNOLOGY REQUIREMENT (TITLE): Millimeter Waves For PAGE 1 OF _2_
_§ggcecraft/8pacecraft Data Transfer

2. TECHNOLOGY CATEGORY: Systems

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Development of space data transfer
terminals operating in millimeter-wave bands.

4. CURRENT STATE OF ART: Millimeter-wave commnications have allegedly been
developed for space use by the Department of Dgfénse. However, that work is so

HAS BEEN CARRIED TO LEVEL __

0 Hela{afiKe] 4’

is not accessible.

5. DESCRIPTION OF TECHNOLOGY

The whole range of data transfer terminal components and techniques must be
developad. This includes antennas, receivers, transmitters, and modulation.
The requirement which exists is for a system that provides gigabit data
transfer in point-to-point space communications. Specific tradeoffs such
as antenna size vs. transmit power must await detailed data.

P/L REQUIREMENTS BASED ON: [§] PRE-A,[J A, 8,0 ¢/D

6. RATIONALFE AND ANALYSIS:

Deta transfer at the customary frequencies (S and Ku-Bands) involves sizable
antennas. More importantly, space-to-space links are subject to CCIR guide -
lines restricting power density impingement on the earth. This causes the
requirement of spreading the transmitted spectrum and complicates system
operation. Millimeter waves are absorbed by the atmosphere and are not subject
to spreading requirements. Antennas at millimeter wavelengths are miniscule
and allowable data rates are extremely large, with gigabit channels feasible.
Development of such channels would provide & viable candidate for future
space-space data transfer links.

TO BE CARRIED TO LEVEL __




DEFINITION OF TECHNOLOGY REQUIREMENT

NO. 102

1.

TECHNOLOGY REQUIREMENT(TITLE):

Millimeter Waves For

PAGE 2 OF 2

_Spacecraft/Spacecraft Data Transfer
7. TECHNOLOGY OPTIONS:

o NS D Mre o e

Data limited

3 e e e o

8. TECHNICAL PROBLEMS:

Data limited

CRESAL .

Y. POTENTIAL ALTERNA {IVES:

; laser Date Transfer

R 10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

i Embryonic technology. Progression unpredictable. Technology data is

2 classified.

“"‘

3 EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS: \

3 :

|

:
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 303

1. TECHNOLOGY REQUIREMENT (TITLE): High Capacity Ku-Band PAGE 1 OF 3
Communication Terminal

2. TECHNOLOGY CATEGORY: Systems

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Develom nt/&gg_g_g_t_r_aﬁ;c&gf_a_w-
craft Ku-Band Communication terminal compatible with TDRSS ogeration with
color TV capability op the forward Jipk and 200 MBPS capability on the refurn

link.

4. CURRENT STATE OF ART: _Shuttle Orbiter is developing a termjnal that is

marginal at 1 MBPS on the forward and 50 MBPS on the return link.
HAS BEEN CARRIED TO LEVEL _4

5. DESCRIPTION OF TECHNOLOGY

Required components are a Ku-Band 5 foot-equivalent unfurlable antenna,
integrated with a 25 watt solid state up-converter/power amplifier and a
parametric amplifier/image-enhanced down-converter. This package must fit

in the space allocated to the Orbiter 20 inch dish. It is likely that a
flexible heat pipe will be required to provide some temperature stabilization.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,[0 B,B ¢/D

6. RATIONALL AND ANALYSIS:

The Shuttle Orbiter has been designed to carry a 20 inch dish to allow payload
access to wideband data transfer .hvough TDRSS on Ku-Band. A larger rigid dish
is not feasible, and the power budget with this dish is very restrictive. While
the margins are still in a state of uncertainty, it is problematical whether a
one megabit forward link and a 50 megabit return link can be waintained. These
data rates by no means saturate TDRSS capability or satisfy all projected user
requiremunts. A five foot-equivalent unfurlable dish would give an order of
magnitude improvement in capability. To gain further improvements, the Ku.Band
electronics should be integrated with the antenna, allowing low-loss spacecraft
interfaces without use of pressurized wave guldes with rotating Joints. This
would require development of a soiid state power amplifier (25 watts should be
readily achievable with FAAs technology) with integral up-converter end a
parametric preamplifier with integral image-enhanced down-converter. These
components (antenna, preamp and poweramp) should all be developed with the goal
of integration so that antenna structures may serve as part of the electric
housing, thereby minimizing gimbaled mass. It is probable that a flexible heat
pipe will be required to stabilize temperatures on the antenna. Such a system
would allow higher performance while using flexible media such as coaxial cable.

TO BE CARRIED TO LEVEL 7

46 DUCIBILITY OF THE
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DEYINITION OF TECHNOLOGY REQUIREMENT

NO,

1C3

1. TECHNOLOGY REQUIREMENT (TITLE): High Capacity Ku-Band

Communication Terminal

PAGE 3 O

F3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

7

76

78

79

80

81

82]83{84

85186]87]188[89]90]91

TE CHNOLOGY
1 Component
* Development

2. Terminal Design

. Demonstration System
Flight

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph. D)
3. Operations

4,

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T TAL

NTMBER OF LAUNCHES

25]2525125] 25

14. REFERENCES:

Outlook for Space, Workshop Users Guide, Shuttle Systems Description

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED,
THEORY FORMULATED TO DESCRIBEL PLHENOMENA,
« THEORY TESTED BY PHYSICAL EXPERIMENT

@ N

OR MATHEMATICAL MODLL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

E.G., MATERIAL, COMPONENT, ETC,

COMPONFNT OR AREADBOARD TESTED IN RELEVANT

ENVIRONMENT IN THE LARORATORY.
MODEL TESTED IN AIRCRAFT LNVIRONMENT,
MODEL TESTED IN SPACE ENVIRONMENT,

OPERATIONAL MODEL.

. NEW CAPAMNILITY DLRIVED FROM A MUCH LESSER

RELIABILITY UPGRADING OF AN OPERATHNAL MODEL,

. LIFETIME EXTENSION OF AN OPLRATIONAL MODEL,

47

3
!

O P T T UL ST IS

Aalsedih

Sio k. ORI B TEL N R oalin

Bl

Saeni Ak

N




DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1C3

=

1. TECHNOLOGY REQUIREMENT(TITLE): _High Capacity Ku-Band PAGE 2OF _3

Communication Terminal

7. TECHNOLOGY OPTIONS:

Power level and antenns size may be traded on the return link. Very little
can be accomplished on the forward link to reduce system noise temperature and
increase data transfer without increased antenna size.

8. TECHNICAL PROBLEMS:

The components should not be excepticnally difficult to develop. However,
integration into a functioning whole may prove more difficult. Thermal
control, gimbaled mass minimization and size mey prove to be problems.

Y. POTENTIAU ALTERNATIVES:

IittLie can be done with the present TDRSS implementation to improve
performance without attacking antenna size and losses. In the long term,
lasers or millimeter waves may replace the Ku-Band space to space links.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

A JSC RTOP (909-44-07) is addressing the antenna/electronics integration at a
low Jevel using existing components. A requested GSFC RTOP would initiate
Ku-Band solid state power amplifier work. The USAF Avionics laboratory is
developing X-band GaAs power amplifiers. The required terminal is not likely
to be available by 1985 at present levels of activity.

EXPECTED UNPERTURBED LEVEL 5

11. RELATED TECHNOLOGY REQUIREMENTS:
Flexible heat pilpes.




P

PRI N Wi AL TR I PORSRIT Y AT TIPSO BN S TR

DEFINITION OF TECHNOLOGY REQUIREMENT NO, _lck

1. TECHNOLOGY REQUIREMENT (TI1LE): Low Cost Heliable, . PAGE 1OF 3
Moduiar, Microwave Communications Active Antenna

2, TECHNOLOGY CATEGORY: Systems
3. OBJECTIVE/ADVANCEMENT REQUIRED:; Made & radical improvement in the
roliability of communication links through the development of solid state,

Jxausmit-receive, phaged arrays.
4., CURRINT STATE OF ART: _Pover generation is by single tubes, or solid
state devices, and therefore subject to catastrophic failure. FPhased arrays

have been too expensive and complicated. HAS BEEN CARRIED TO LEVEL &

5. DESCRIPTION OF TECHNOLOGY

The recent demonstrations o Gallium Arsinide fleld effect devices as power

generators and detectoars at micrcwave frequencies protends the development

of a family of apertures, producible at a reasonmable price ($100.00 per

module) and assemblable into highly reliable, gracefully degrading arrays

for communications or radar systems. The following steps are required--

(1) Study and design a set of link requirements (Power, Gain, Bandwidth,
Moise Figure etc.).

(2) Interprete requirements into device and module specificationms.

3) Develop modules and assemble into arrays.

(k) Test arrays for BW, Power etc.

(5) Demonstrate arrays in shuttle ortitor.

P/L REQUIREMENTS BASED ON: [] PRE-A,[] A,[J B,[J ¢/D

6. RATIONALE AND ANALYSIS:

a.) This technology affects every payload and vehicle that has a communi -
cations function. A tyrical application would be the shuttle orbitor
vhich has & requirement for a 25 watt, 50 megahe. tz, Ku-band link.

This appears to be well within the technology potential.

b.) Links should be designed for Satellite to Satellite, Satellite to
ground, vehicle tc Satellite, vehicle to vehicle range of applications.

¢.) Reliability of communications and therefore mission performance and
length of life should be improved by 10:1.

d.) The theory and devices are at level 4 and now levels 5, 6, 7, 8
should be accomplished.

TO BE CARRIED TO LEVEL & ‘
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1Ch

ana————

1.

TECHNOLOGY REQUIREMENT(TITLE): _1gow Cost Reliable PAGE 2 OF a_

Modular Microwave Communications Active Antennas

7. TECHNOLOGY OPTIONS:

1) Microwave tubes !remote) and cteerable disbes.

2) Solid state devices (local) and steerable dishes.

3) 1 or 2 and phased array.

4) Distribute? solid state transmitter-receivers and phased arrays=. This
allows electronic scanning of beams and the elimination of motors, gears,
cams, Rotary joints and other items of potential failure.

8. TECHNICAL PROBLEMS:

This innovative technology appears to have no foreseeable problems other than
funding and accomplishment.

9.
(1)
(2)

POTENTIAL ALTERNATIVES:

Use silicon and varactor multipliers to make the solid state transmitters
and receivers (more expensive and lower reliability).

Stay with present technology and suffer cost, .performance, and
reliability los' .,

(1)

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

The US Air Force is actively programming for GaAs devices and an
A-A/A-G Radar using this technology {$1.0M/year)

EXPECTED UNPERTURBED LEVEL L_

11.

RELATED TECHNOLOGY REQUIREMENTS:

High Bandwidth modulators and signal processing must he

combined with these apertures to make a communications
system, Also heat pipes,

N O
e
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1ck

.

1. TECHNOLOGY REQUIREMENT (TITLE): __1Low Cost Reliable PAGE 3 OF 3

Modular Microwave Communications Active Antennas

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75|76 77178

79180]81]82]83|84)35[86]87]88}89{90(91

TECHNOLOGY
1., Define & Design —_—

Develop +

Test

W

Space Demonstrations

W

{Shuttle orbitors)

w

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)

3. Operations ¢
4, |
Ll
13. USAGE SCHEDULE:
-
TECHNOLOGY NEED DATE X TOTAL
NUMBER OF LAUNCHES 1 all

14. REFERENCES:

.ir Force Avionics Laboratory TOP-T1

Mr. W. J. EGwards 513-225-2911

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REDPO..ED,
2, THEORY FORMULATED TO DESCR!BE PIENOMENA,
3. THFORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,

4. PERTINENT FUNCTI(ON OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

E.G., MATLRIAL, COMPONENT, ETC,

8. COMPONENT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

6. MODEL TESTED IN AIRCRAKT ENVIRONMENT.

7. MODEL TESTED IN SPACE ENVIRONMENT,

8, NEW CAPARILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

10. LIFETIME EXTENSION OF AN OI'ERATION.AT. MUDEL,

51

BB S LRGN

P I A



vt o v vam wr bt

st e s eedias e n o

PSR N

L

DEFINITION OF TECHNOLOGY REQUIREMENT

1. TECHNOLOGY REQUIREMENT (TITLE): _Light Weight PAGE 1 OF _5_
. Transponder _

2. TECHNOLOGY CATEGORY: System
3. OBJECTIVE/ADVANCEMENT REQUIRED:__Provide high efficiency, lightweight

transponders for space communication systems operating in the 7.5-35 gigacycle
band.

4. CURRENT STATE OF ART: __Supporting technologies are being developed and
demonstrated in laboratory R & D efforts.

FAS BEEN CARRIED TO LEVEL 4

S
¥

5. DESCRIPTION OF TECHNOLOGY

Spaceborne transponders using solid state technologies to achieve signal
detection, processing and transmission at the uprer limits of the microwave
spectrum including:
Surface acoustic wave filters and oscillators.
Solid state transistor power amplifiers capable of 2-5 watts output at
7.5 and 15 gigacycles per second.
Paramp receivers operating at 15 to 35 gigacycles with insertion losses
less than 2 dbw.
Signal conditioning and processing techniques which can compress band
width requirements at least one order of magnitude.

P/L REQUIREMENTS BASED ON: ¥ PRE-A,[J A,J B,0 ¢/D

6. RATIONALFE AND ANALYSIS:

a) Future missions will operate at the upper limiis of the microwave spectrum
to achieve maximum band width with minimum cost in terms of antenn. size,
system weight and power. Data relay systems will require maximum use of
s>1id state technology to minimize maintenance and replacement costs.

b) All spacecraft using trarsponder technique to maintain communication with
earth stations or other spacecraft.

c) Solid state technology offers iifetime in the 5-10 year range compatible
with deep space missions, X, Ku and Kx band components offer data rates
to 250 gigabits per second. 10:1 reductions in power consumption and weight
are feasible using advanced technologies.

d) Extensive R & D is needed to develop solid state power amplifier and

demonstration system ~peration in the laboratory under typical space
environmental conditions.

TO BE CARRIED TO LEVEL 5
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1c5

=
1. TECHNOLOGY REQUIREMENT(TITLE): _Light Weight PAGE 2 OF 3

Transponder

7. TECHNOLOGY OPTIONS:

Continued operations with current technology severely constrains data
transfer rates and efficiency of space operations.

Switch to Kuband with TDRSS will increase data rate capabilities, but currently
requires large antennas and TWT systems on user spacecraft due to limited
availability of solid state components.

Development and demonstration of solid state technologies at the upper limits
of the microwave spectrum can provide more effi-ient, lightweight transponder
capability without major increase in system implementation and operation costs.

8. TECHNICAL PROBLEMS:

Break-through type of advancements in solid state RF transistors are needed
to guarantee required performance.

Y. POTENTIAL ALTERNATIVES:

Millimeter wave and optical communication systems offer similar performance
capabilities. Trade-off studies indicate optical systems are less cost
effective for missions where data rates are of the order of 200 megabits per
second or less,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Current R & D programs are examining solid state RF power amplifier technologies
for Ku band. Surface acoustic wave filters, oscillators and frequency
synthesizers at S, X and Ku bands are being developed under several NASA

and DOD sponsored programs. Extension to higher frequencies 's urgently needed.

EXPECTED UNPERTURBED LEVEL _4

11. RELATED TECHNOLOGY REQUIREMENTS:

Antenna pointing and control technigues compatible with the narrow beam widths
of higher frequency systems will have to be demonstrated.

New antenna structures and feed systems may be needed to provide efficient
transmission and reception capability.

83




DEFINITION OF TECHNOLOGY REQUIREMENT

1. TECHNOLOGY REQUIREMENT (TITLE):

Transponder

Light Weight

PAGE 3 OF 3

NO. 1c5 1
—

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

75

76

77

78179

80

81

82

83]84]35]86]87[88}89]|90}91

TECHNOLOGY
1. Component Development

8]
.

System Design

3 System Fabrication &
: Test

4. Laboratory Operation

5. Documentation

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

To

dete

in

14. REFERENCES:

15, LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED,

2. THEORY FORMULATED TO DESCR!BE. PIIENOMENA,
3, THFORY TESTED BY PHYSICAL EXPERIMENT

OR MATIEMATICAL MODEL,

4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC,

COMPONENT OR BREADBCARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED IN SPACE ENVIRONMENT,

. NEW CAPANLITY DERIVED FROM A MUCH LESSER

OPERATIONAL MODEL,

. RELIABILITY UPGRANING OF AN OPERATIONAL MODE]
. LIFETIME EXTENSION OF AN OI'LRATION.AL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT No, _1D1

1. TECHNOLOGY REQUIREMENT (TITLE): _On-Board Solid State = PAGE 1 OF 3__
Data Storage Systems

2. TECHNOLOGY CATEGORY: System

3. OBJECTIVE/ADVANCEMENT REQUIRED: Development of low cost, low power,
high density data storage memory technologies, and data storage systems

using these technologies

4. CURRENT STATE OF ART: _Magnetic tape recorders are the only currently
available system

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

The following requirements have been identified:

1. High Reliability--MTBF=10,000 hours plus graceful degradation

2. Rapid Random Access at least to the block level

3. Large Capacity-=10" Bits

4. High Data Transfer Rates--up to 25 MHZ

5. Low Power--Very Low Power for stand by and low data rates=50 watt peak
power at maximum data rate

6. Low Cost

7. Low Volume and Weight

P/L REQUIREMENTS BASED ON: [[J PRE-A,[] A,[J B,OJ ¢/D

6. RATIONALIL AND ANALYSIS:

Almost all data collection and information systems aboard spacecraft will
require some form of data storage. The present requirement driver is the
need to store spacecraft data until down link opportunities are available.
Future use of on-board data processing may require additional on-board
storage necessary to buffer sensor data prior to processing, to store

intermediate and final processed information, and to store processing and
analysis software programs.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1n1
1. TECHNOLOGY REQUIREMENT(TITLE): _On-Board Solid State PAGE 2 OF 3.

Data Storage System.

7. TECHNOLOGY OPTIONS:

At least two data storage technologies currently being investigated offer
promise tor fulfilling these requirements. They are the mignetic domain wall
motion devices like bubbles, cross-tie memories, etc. and semiconductor

charge storage devices like Difmos Devices and CCD's. Research and development
in these or other areas of Data Storage Technology will be required to meet
future objectives., Bubble Domain Devices have been developed which contain 10
bits per chip and data storage systems are currently being developed having
capacities up to 10" bits. Even though these developments look very promising,
higher density chips, higher on chip data rates, and simplified magnetic
interfaces will have to be developed before requirements projected for the late
1980's and beyond can be met.

8. TECHNICAL PROBLEMS:

Bit Storage Density
Data Rates and Access Times
Implemention Form Factor (size, weight, power, etc.)

Y. POTENTIAL ALTERNATIVES:

Magnetic tape or rotating devices like disc or drum memories.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

NASA is currently developing a 108 bit Bubble Data Recorder under RTOP
520~71-01.

EXPECTED UNPERTURBED LE 'EL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Basic research in memory storage device technology.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1D1

a——

ORI ™ L ST T

1.

TECHNOLOGY REQUIREMENT (TITLE):
JData Storage Systems

On-Board Solid State PAGE 3 OF _3

12,

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176177178179] 80

81

82]183]84|35]86]87]88|89}90]9..

. 1,
2.
3
4.

5.

TECHNOLOGY
Material & Process

Device Design &
Development

System Design
System Fab.

Test

Research

4.

APPLICATION
i 1. Design (Ph. C)

2. Devl/Fab (Ph, D)
3. Operations

12,

USAGE SCHEDULE:

g y TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED.
2, THEORY FORMULATED TO DESCRIBE PUENOMENA.
3, THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATIEMATICAL MODEL.

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

E.G., MATENIAL, COMPONENT, ETC,

. NEW CAPANMLITY DERIVED FROM A MUCH LESSER

, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
. LIFETIME EXTENSION OF AN OFLRATIONAT, MODEL,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT,

OPERATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _1b2

1. TECHNOLOGY REQUIREMENT ’'IITLE): _Random Access PAGE 1 OF 2 _
Memories For Low Cost Computer Systems
2. TECHNOLOGY CATEGORY:

3. OBJECTIVE/ADVANCEMENT REQUIRED:__ Qbtain rapndom access memories for
flight costing less than 1 gent per bit.

4. CURRENT STATE OF ART: _About 20 cents per bit in cores and about 50
cents per bit in piated wire.

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY
Various integrated circuit technologies hold the promise of lowest RA

memories. A combination of these technologies with electron beam storage
is also possible.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,[0J B,J ¢/D

6. RATIONALE AND ANAI YSIS:

The major (60% to 80%) hardware cost in flight computer systems is the RA
memory. This memory stores the program anc the data that is beirg worked
on by the computer. Because of this expense, software cost is considerably
higher than it would be if RA memory was plentiful and inexpensive.
Technology improvements aimed at lower cost RA memories will directly result
in lower cost data processing systems.

TO BE CARRIED TO LEVEL __

. . OPUCIBILITY OF THY
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1D2

1. TECHNOLOGY REQUIREMENT(TITLE): _Ragdom Accesg PAGE 2 OF _2
Memories For low Cost Computer Systems

7. TECHNOLOGY OPTIONS:

Traditional approaches to RA memory are slowly decreasing in cost. Cores
and plated wire are used in most of today's systems. New approaches such
as integrated circuits and perhaps eliectron beam devices hold promise for
lower cost systems. The wavelength allows a very compact device. Holographic

systems may also be applicable. o
t

e wmaae AL et shar

8. TECHNICAL PROBLEMS:

9. POTENTIAL ALTERNATIVES: H

v Mg st e o

10. PLANNED PROGRAMS OR UNPERTURBE': TECHNOLOGY ADVANCEMENT:
Advances are small, incremental. Ground RA costs are slowly coming down.

Flight requirements are somewhat unique to NASA's requirements and are not
being directly addressed in other programs. N

EXPECTED UNPERTURBED LEVEL

11. RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _1D3
o e e e e

1. TECHNOLOGY REQUIREMENT (TITLE): _Bulk Data Storage For  PAGE 1 OF 2_
} Spacecraft (lO12 And larger)
| 2. TECHNOLOGY CATEGORY:

3. OBJECTIVE/ADVANCEMENT REQUIRED:

4. CURRENT STATE OF ART: low cost wide band type recorder has a capacity
of 3 X lOll is in early stages of development

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

The only current technology that can be expected to handle the capacity and
be reasonable in terms of size, weight, power, and cost is magnetic tape.

The original landsat Wide Band Video Tape recorder extended the lifetime
capability over conventional ground based Video tape recorders by a factor

of four. Its performance in orbit of 1000 hours of operation before the

tape wore out allowed it to playback to the ground more than 20 times the
data played back from all other NASA recorders. A program to extend the liic
of Landsat C is underway and those improvemerts will extend its life at least
a factor of 10.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0J A,[0J B,0J C/D
6. RATIONALE AND ANALYSIS:

Iandsat VIR packed almost 1 6 bits on each square inch of tape surface.
Packing densities of 5 X 10° bits per square inch have been demonstrated.
Higher densities are limited by the thickness of the magnetic coating. Long
wearing high remnance coatings less than 20 micrg inches are needed. If 10
micro inches could be obtained a dersity over 10- per square inch might be
achievable. Very large (1013) storage systems are possible even with today's
demonstrated packing densities, but the mechanigs of moving 40,000 ft. of

4 inch wide tape are expensive. However, at 10 bits per square inch, only
6000 feet of 2" wide tape is needed.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1D3

——

1. TECHNOLOGY REQUIREMENT(TITLE): Bulk Data Storage For PAGE 2 OF g_

Spacecraft (1012 And Iarger)

7. TECHNOLOGY OPTIONS:

The repid access of large holographic systems is not required. Continuous
transmissions to the ground through TDRS is a possibility, but this assumes
TDRS availability at all times. Also a reduced rate playback while the
satellite 1s over uninteresting sreas of the world (water) might be needed
Just to get the data to the TDRS.

8. TECHNICAL PROBLEMS:

The very short recorded wavelengths require that substantially thinner
megnetic coatings be achieved. Present coatings are in excess of 100
microinches. This might be reduced by an order of magnitude. Solutions to
the head-tape wear problem have been demonstrated in laboratory life tests.
These solutions are being integrated into new recorders.

9, POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

NASA's flight recorders have the most to gain by technology improvements.
Most other uses are ground uses and rolls of magnetic tape are relatively
cheap compered to the high density machines described above.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

General electronic reliability improvements are needed to really get these
complex high capacity recorders to be truly reliable components.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1Dk
. TECHNOLOGY REQUIREMENT (TITLE): _Mass Memory PAGE 1 OF 2_

For Processing Acquired Data

2. TECHNOLOGY CATEGORY:

3.

OBJECTIVE/ADVANCEMENT REQUIRED:;_Extend mass storage from presently

_planned 1012 bits to lO15 bits storage.

4

12

. CURRENT STATE OF ART: _TELOPS is planned at 10~ bits starage.

HAS BEEN CARRIED TO LEVEL __

5. DESCRIVTION OF TECHNOLOGY

Data collected by spacecraft must be processed prior to transmission to the
ultimate user. Since this processing usually requires data from many sources,
the data must be stored in a mass memory. The sources might be altitude,
orbit, ground truth and data from other spacecraft. Also, our image producing
spacecraft produce most of their data over land masses. The mass memory then
provides a storage capability to smooth out data flow, allow optimum use of

the processing machines and makes best use of the various communicative
resources.

P/L REQUIREMENTS BASED ON: [[] PRE-A,[] A,0 B,00 ¢/D

6.

RATIONALFE AND ANALYSIS:

It is clear that the cost per bit of this system will have to be very low.
Even if the facilitg were to cost $10 million, the cost per bit would have

to be less than 10™° cents. This i1s several orders of magnitude below today's
mass memory bit costs and will require improvements in all mass storage
technologies. Magnetic tape has the advantage of relatively cheap storage
media, but the disadvantage of rather long access time (10's of seconds),
This may be satisfactory if data is stored in very large blocks, say 10

bits or more. The tape would also serve the off line storage functions
vithout additional transcribing. It is estimated that 30 tape machines eacg
holding a 10,000 ft. reel of 3" wide tape and using & packing density of 10O
bits per square inch would do the job. This 1s only & one order of magnitude
improvement in density over laboratory systems of today.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

————— ——

———————— ———

1. TECHNOLOGY REQUIREMENT(TITLE): Mass Memory Of Processing PAGE 2 OF 2.
Acquired Data

7. TECHNOLOGY OPTIONS:

Holographic systems are presently at capacities of 1012 bits or more. This
is expectel to rapidly improve as media improves and bit densities go up.
Access time to any bit will be short--a few micro seconds or less. Electron
beam recorders are also a possibility. Because the electron beam wavelength
is so short compared to light waves, very high resolution at the storage
medium is possible.

8. TECHNICAL PROBLEMS:

For tape systems, thin coating of media is required (10 to 20 microinch
thickness). For Holographic systems, storage media improvements are required.
For electron beam systems, target media that fully takes advantage of the
resolution must be developed.

Y, POTENTIAL ALTERXK “TIVES:

Bubbles and CCD's are potential alternatives. However, the per bit costs
assccleted with these must drop drastically before a 10-7 mass sturage system
can be built from these technologies.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Other government users have sponsored larlge data stores in the past. For
instance, Ampex delivered a Tera bit (101€) tape storage system in the early
1960's. NASA's need to handle large numbers of high resolution, multispectral
pictures during the 1980's may require sponsorship of a 1015 vit system by
NASA.

EXPECTED UNPERTURBED LEVEL __

T U

11. RELATED TECHNOLOGY REQUIREMENTS:

Very high communication channel capacities. For instance, if the 102 bit
store was to be filled in one day, the aver .ge bit rate into the device
would have to be 12 gigabits/sec. (12,000 megabits/sec).
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _iFl

1. TECHNOLOGY REQUIREMENT (TITLE): _Vision Enhancement And PAGE 1 OF 4_

Assistance For Teleoperator Cortrol Systems
2, TECHNOLOGY CATEGORY: Software

3. OBJECTIVE/ADVANCEMENT REQUIRED: Improve and supplement displayvs of
images transmi’ted from remo.e te'!eoperator television cameras to glve the

operator better knowledge of the t.sk environment and of effectoar actioms.

4. CURRENT STATE OF ART: Most _current. teleoperatar vision systems do not
_provide adequate knowledge of the remote sites for efficient and comfortable
operator control. HAS BEEN CARRIED TO LEVEL 4

5. DESCRIVPTION OF TECHNOLOGY
Many tasks conducted in space require the manip..ation of objects or the motion
of vehicles in complex and possibly hazardous environments whose features
cannot be predicted or controlled. Examples of such tasks are shuttle payload
deployment, servicing of payloads by free-flying teleoperatcrs, and lucar
roving vehicle operations. When these tasks cannot be done by placing a human
worker at the site, they must be conducted by remote control. A teleoperator
system is one that enables an operator (on Earth or in the Shuttle or example)
to operate remote effectors while observing the task environment on displays
of television images transmitted from the site. The technology covered in this
requirement concerns the type and quality of the information made available to
the operator. Specifically, three types of information prccessing are
addressed: 1) Enhancement of TV images to emphasize fe~*ures needed for
operator decisions; 2) Use of bandwidth compression techniques to improve the
amount of useful information that can be transmitted in real time over a band-
wiatn limited channel; 3) Generation of displays based on (Continued on la)
P/L REQUIREMENTS BASED ON: [] PRE-A,[0J A, B,0 ¢/D

6. RATIONALE AND ANALYSIS:

1) Enhancement. Operator viewing of teleoperator television cameras requires
sharp imaging of the target. Imige processing techniques are required #ill
render the images presented to the operator more useful. Enhancement of
target outlines is required. The operator shoull be able to select certain
areas of an image and filter the TV data according to various criteria 1in
real time. Processes now performad on TV images must be speeded up to
permit a real-time interaction of the operator with the image information.

2) Compression. Real-time mono and stereo TV pictures ere essential to
teleoperator control. Bandwidth requirements for the transmission of such
pictures, especially if they are in color, are excessive f-r many space
applications Improvement of scene analysis techniques 1s needed so that
duta of no use to the operator are not transmitted, while the information
of most use to him (object relationships to one another, outlines,
distances, heights, etc.) is extracted interactively, transmitied, and
displayed@ for use in real-time.

3) Generation. An operator controlling a remote effector over a communication
Iink, using only the information provided him by a television camera, does
not have the same view of the ta:k environment that he would acquire if he

(Continued on Page la) TO RE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, ﬂ__

a
1. TECHNOLOGY REQUIREMENT (TITLE): _Vision Enhancement And PAGE 1! OF 4
Assistance For Teleoperator Control Systems

2. TECHNOLOGY CATEGORY: Software

3. OBJECTIVE/ADVANCEMENT REQUIRED:

4. CURRENT STATE OF ART:

HAS BEEN CARRIED TO LEVEL __

—=

3. DESCRIPTION OF TECHNOLOGY {Continued from page 1)

non-visual information, such as the positions of manipulator joints or wheel
positions and orientations, that will supplement the visual information and

give the operator a more complete overview of the wor« site. Such displays

will be especially useful because it is found in practice that the operator

cannot gain adequatie knowledge of the effector configuration in relation to

the workspace from TV images alone.

P/L REQUIREMENTS BASED ON: [[] PRE-A,[] A,[J B,J ¢/D

6. RATIONALFE AND ANALYSIS:

were actually at tue site. As a result, it is found that the time required

to perfar the task may go up by a factor of ten or more, and the operator
finds the .usk uemanding and tiring. Other types of information need to be
extracted, telemetered, and combined to give the operator a more complete
feeling of involvement. The feedback of force and tactile information has
long been considered and is being pursued. Other useful data would be effector
positions and highly filtered information (of the kind discussed in (2)
concerning the characteristics of the environment. The focus in this portion
¢of the requirement is on the development of displays that give the operator a
bird's eye view of the entire work site - effector system plus environment.
This display can be driven by the same information that drives the actual
effector. For critical operatiocns, planned actions can be tested in real time
on the display before they are actually executed. The displays should be
capaple of being rotated while in rotion so that they can present the remote
scene from a variety of useful pers,~ctives.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1Fl

1. TECHNOLOGY REQUIREMENT(TITLE): Vision Ephancement And PAGE 2 OF It
Assistance For Teleoperator Control Systems

7. TECHNOLOGY OPTIONS:
1) Enhancement

A) Develop highly parallel hardware systems for on-board image data
preprocessing and feature extraction.

B) Develop fast on-board serial computers for image preprocessing and
ground systems for real-time image environment. (This approack is,
however, not compatible with (2).)

2) Compression

A) Develop scene analysis techniques and combine them with classical
source encoding methods.

B) Close some effector control loops on-board and transmit only highly
filtered data to the operator.

3) Generation
A Transmit data sufficient to drive a simulation (display).
B) Use full-scale models fcr partial site recreation.

3. TECHNICAL PROBLEMS:
1) Enhancement - Hardware and algorithm development

2) Compression - Scene analysis

3) Generation - Developing a real-time simulator matched to user needs

Y. POTENTIAL ALTERNATIVES:

a) Use an astronaut where feasible to perfarm the task (EVA)

b) Increase the communication bundwidth and transmit all data needed;
perform all real-time data reduction and processing in large ground
systems.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

a) Shuttle paylcad manipulation
b) Free-flying teleoperators for payload servicing

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Reliable high-capacity cn-board processcrs
Scene-analycis algorithms
Robotics

IE
»RODUCIBILITY OF Ti
"\aINAL PAGE IS POOF
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L DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1F1
1. TECHNOLOGY REQUIREMENT (TITLE):_Vision Enhancement PAGE 3OF 4

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDUI1 E ITEM 75176177 78179]80|81

[J1}

82]83]84|35|86]87]88}89]90}91

TECHNOLOGY
1. Develop source encoding
& scene analysis methods
9 Design spaceborne imaging

& preprocessi hardware
Bes:nl.)gn and gg de

3. simulation system
4. Prototype

5. Flight test

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES Al fligptsi a

er| ac epbaﬂce

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND XEPORTED.

2, THEORY FORMULATED TO DESCRIBE PHENOMENA.

3. THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,

4. PERTL.ENT FUNCTION OR CHARACTERISTIC DFEMONSTRATED,
E.G., MATERIAL, CONPONENT, ETC,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN Tt LARORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTLD IN SPACE EXVIRONMENT,

NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODEL,

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.

LIFETIMF EXTENSION OF AN OFLRATION.\. MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. _1El

1. TECHNOLOGY REQUIREMENT (TITLE): __Modular Architecture PAGE 1 OF 4 _
For Data Processing And Transfer Systems

2. TECHNOLOGY CATEGORY: Systems

3. OBJECTIVE/ADVANCEMENT REQUIRED:_ Provide & system consisting of
modular components and functions to better meet the needs of advanced space-

—craft and experiments through modular ISI technology.

1. CURRENT STATE OF ART: Presently the processor, memory, I1/0, and related
Jfunctions are collected centrally resulting in compiex functions being
_ID_E_I‘LOLIQEG by a large central system. HAS BEEN CARRIED TO LEVEL }._

5. DESCHIPTION OF TECHNOLOGY

A very wodular, adaptable system is required where processing units are
located at, and integrated with various functional spacecraft subsystems

such as T, T, & C, Seunsors, G&N, Power, and Propulsion. Functionally
specific hardware and software would be a part of the particular subsystem.
System elements would be functionally interchangeable and designed for fault
tolerance and isolation. Commercially developed microprocessors and memories
should be considered for use wherever possible.

P/L REQUIREMENTS BASED ON: [] PRE-A,[] A,[J B,[J ¢/D

6. RATIONALF AND ANALYSIS:

To date the approach to on-board data processing and transfer systems has been
to centrally locate the processor memory, I/0, and software. As requirements
have grown so has the complexity and size of the various system elements. The
need for longer life systems has posed an additional problem since s/stem
elements are already so complex, fault tolerance and correction cinnot easily
be accommodated. Most current approaches to this problem result in multiply
redundant system elements; elements already large and cr-nlex. As requirements
on the data processing system have increased so has the ‘ware complexity.
Since the software now resides in a single processor/men this has given rise
to problems in software interaction, and difficulty with aucitions and changes
when they are required. Sophisticated operating systems and programming
languages have become necessary to cope with this burgeoning problem.

With the advent of the microprocessor and other LSI devices the opportunity now
arises to con.ider the possibility of distributing the functions of the data
processing system among the user elements. For example, a processor unit could
become a part of a sensor subsystem along with memory necessary to hold the
control software to operate the sensor, to store the data collected, and to
preprocess the data. Other processor/memory units could be integrated with T,
T &C Power, Propulsion, and G,N &C systems. Another processor unit may functioy

TO BE CARRIED TO LEVEL 7_

A



DEFINITION OF TECHNOLOGY REQUIREMENT NO, __1EL

W
1. TECHNOLOGY REQUIREMENT (TITLE): _Modular Architecture PAGE2 OF _4_
For Data Processing And Transfer Systems

6. Rationale and Analysis: contd.

as a controller for the data bus which would intercomnnect the network of
processors and memories. Once the distributed element and function concept is
accepted, many other possibilities open up. New concepts in fault detection,
tolerance, and correction become possible. Reliability and redundancy require-
ments can be approached differently. The total architecture of the data
processing system becomes accessible and adaptable. Missions fly only what
they require and as much as they require. Designers are not limited to some
already designed system witn its predetermined and frequently limited or
restrictive capabilities.

It is the intent of this effort to maximize the use of commercially developed
devices such as microprocessors, memories, and other LSI devices. The use of
such commercial developments will yield significant cost and time savings.

Unique ISI circuit development can be minimized. Support hardware and software,
compilers, cross-assemblers, and documentation are already available. 1In
addition there is a potentially large base of experienced designers, programmers,
and users.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1lEl

1. TECHNOLOGY REQUIREMENT(TITLE): _Modular Architecture PAGE 3OF 4&_

For Data Processing And Transfer Systems

7. TECHNOLOGY OPTIONS:

a) A number of microprocessors with varying capabilities currently exist or
are under development.

b) Virtually all semiconductor technologies are represented.

c) The nature and extent of the modularity and distribution of the
architectural elements can and should be optimized.

d) LSI techniques are available for fabrication of optimal custom bus
interfaces.

8. TECHNICAL PROBLEMS:

The problems resolve themselves into establishing a concept of the system
and then developing the various elements including both hardware and software.
There appears to be no technological barriers in implementing this approach.

Y. POTENTIAL ALTERNATIVES;

The only recognized alternative is that of continuing the approach followed to
date of increasingly larger and more complex central systems. Even here
indications are that very large missions may require super data processing
systems which may consist of a metwork of large processors of the SUM-C
variety. This is viewed as a separate class of system and not an alternative
to satisfying this need.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506-20-11 "Advanced digital data systems for deep space" JPL

EXPECTED UNPERTURBED LEVEL

11. RELATED TECHNOLOGY REQUIREMENTS:

Contiguing developument of microprocessors using such technologies as CMOS
and I<L.
Development of advanced design mass and random memories.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1E1

1. TECHNOLOGY REQUIREMENT (TITLE): Modular Architecture PAGEL4 OF _L

For Data Processing And Transfer Systems

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

75

76

78179180(81182|83]84]35]186|87[88]89{90]91

TECHNOLOGY
1. Conceptual Design

2. Functional Design

3. System Development

4. System Integration

5. System Demonstration

T St ol T vk Bl e SR 4 (3K

PO,

APPL CATION
1. Design (Ph. C)

2., Devl/Fab (Ph. D)
3. Operations

4.

# e ae OISt ¢

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

)
'I;OTA L

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ONSERVED AND REPORTED.

2, THEORY FORMULATED TO DESCR!BE PHENOMENA,

3. THFEORY TESTED BY PUYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPONMENT, ETC,

5. COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY,

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,

7. MODELU TESTED IN SPACE ENVIRONMENT.

8. NEW CAPANLITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODLL.

e WA P e s U AL P PR RIS VC RS TR TR S

7
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9, RELIARILITY UPGRADING OF AN OPERATIONAL MODEL, §

10. LIFETIME EXTENSION OF AN OPLRATIONAY MODEL, )
4
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1Gl

1. TECHNOLOGY REQUIREMENT (TITLE): _Direct Broadcast/ PAGE 1 OF 4 _
_Na-rowcast Systems

2. TECHNOLOGY CATEGORY: Direct Communication Technologies

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Develop a capacity to broadcast/
"narrowcast"” multiple channels of programming to local users equipped

ith $1000 receivers by 1980 and esentially wnmodified receivers by 1990.
4. CURRENT STATE OF ART: ATS6 has the capability of broadcasting single

channels to_approximately $3000-5000 receivers.

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Shaped beams, efficient unenclosed high power tubes, improved power sources,
beam switching, higher frequency components, local programming insertion
techniques, possibly "frame-grabber" techniques (for narrowcasting), low
sidelobes, video compression, etc. Would invelve a technology demonstration

satellite series incorporating increasingly capable versions of those
technologies.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,[0 B,00 ¢/D

6. RATIONALE AND ANALYSIS;

Shaped beams are required for shaping to political boundaries and for better
spectrum management, such as frequency reuse (ditto low sidelobes). High power
tubes are needed to permit cheaper ground stations to facilitate access to
system. Similarly for high power sources. RTG's, etc. should be looked at for
eclipse power although may not be Jjustified. Beam switching may be desirable
for narrowcasting applications to reach selected audiences. High ‘frequencies
may later be needed to obtain sufficient numbers of channels. Local program
insertion may be difficult technology but needed for ultimate success of

direct broadcast in U.S. and multi-language international applications. Frame
grabber broadcast techniques might be adapted from CATV for narrowcasting.
Video compression will effectively conserve bandwidth in multichannel
situations, and will conserve power.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1Gl
— e—— et acemb ;H
1. TECHNOLOGY REQUIREMENT(TITLE): __ Direct Broadcast/ PAGE 2 OF 4,

Narrowcast Systems

7. TECHNOLOGY OPTIONS:

Mony tradeoffs exist between specific user missions and involved technology.
Also among various options. Main options relate to fact that ground vs. space
cost tradeoffs exist. Optimizing the total system cost may make "entry cost"
too high for users to have cheap access to system, Attention has been largely
focused on the single area of large antenna "comsat" type systems so tradeoffs
and techniques for personal communications, data collection, low-user-cost direct
broadcast, etc. have not been well addressed., Examples of opticns include:
use of multi-element low power arrays instead of high power tubk=s; need to
consider video bandwidth array element development. Otl'2r cxamples: multiple
spot beam vs. shaped dish vs. array; "framegrabber" vs. channel switching;
video compression cost vs. high power satellite cost vs. spectrum wastage.

8. TECHNICAL PROBLEMS:

Most critical technical problem is low cost system/component/fabrication
technology; if systems are not cheap, users will employ an alternative or
forego communications. Next is spectrum conservation; spectrum is a more
valuable resource than money--main answer is to go to higher frequencies where
component sizes create problems of tolerance, fabrication difficulty, heat
rejection, etc.

Y. POTENTIAL ALTERNATIVES:

a) Millimeter vs. laser vs. microwave problems related to feasibility and

spectrum availability.
b) High power plus reflector vs. low-power-element arrays.

c) Compression cost Vs. power cost vs. user receiver cost for video
d) Interactive selection/switching vs. multiple channels

e) Low altitude vs. synchronous for navigation/position missions

f) Low cost mobile terminals vs. no. of users.

————_

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Intelsat V series for point-to-point communications-~late 70's to 80's
CTS/ATS TV experiments, including video compression--mid 70's

GPS DOD Global Positiming Satellite

MARISAT

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Power, navigation, data compression, on-board processing, attitude control
structures,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 161

|. TECHNOLOGY REQUIREMENT (TITLF): Rirect Broadcast/

PAGE 3 OF 4

Narrowcast Systems

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 |77]78179]80)81}82

83)84]35]86]87188189/90}91

TECHNOLOGY

1. Shaped beams/arrays
High Power Tubes/

* Sources

Video Compression
High Frequency

3
4. Components
5

Operational Video

Techniques .

APPLICATION
1. Design (Ph. C) .

2. Devl/Fab (Ph, D)

3. Operations

4.
I
13. USAGE SCHEDULE:
1
TECHNOLOGY NEED DATLE TOTAL
NUMBER OF LAUNCHES 1 1 1 1 1 5

14. REFERENCES:

a. Convair Payload Study

b. NAG Summer Study

c. Outlook for Space Exec. Summary

d. JPL Outlook for Space Tech. Forecast

e. High Power Tube Inputs from Alexovich-LeRC

15. LEVEL OF STATE OF ART s
1. BASIC PHENOMENA OBSERVED AND RETORTED. s,
2. THEORY FOMMULATED TO DESCRIBE PHENOMENA, 1

3. THEORY TESTED BY PHYSICAL EXPERIMENT 8
OR MATHEMATICAL MODEL, '
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9.
E.G., MATERIAL, COMPONENT, ETC, 10,

£. NASA CR Tech. Implications of Information Transfer (LMSC)

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTLD IN SPACE ENVIRONMENT.

NEW CAPARILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

RELIARILITY UPGRADING OF AN OPERATIVONAL MODEL,

LIFETIME EXTENSION OF AN OFLRATION.AL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _1G1

P}
1. TECHNOLOGY REQUIREMENT (TITLE): __Direct Broadcast/ PAGE 40F 4__

Narrowcast Systems

This definition includes a broad class of missions to demonstrate a variety

of technologies leading to direct communications systems in the future. The
objective of performing those missions is to recapture the national preeminence
on communications technology with consequent favorable effects on national
prestige, balance of payments, etc.,, as well as upon increasing the guality

of social interactions underlying the national social structure. This broad
class of missions would concentrate on those types of communicati.ns satellites
essential to the future national well-being which are not currently (or in the
foreseeable future) being attended to by the existing industrial structure.
Recognizing that classical "trunking type" missions are being reasonably
well-handled, at least in the near term by the existing institutions, the
proposed missions would be concentrated on points-to-point missions such as
DC?(data collection platform) data collection, and space data- relay; upon
po-nt-to-points missions such as broadcasting or narrowcasting to local users;
and ultimately, toward the year 2000, on particular enhancements of the
points-to-points personal communications systems currently being morz or less
satisfactorily handled by the ubiquitous dial-u~ telephone system.

The technology of the present technology definition primarily emphasizes
broadcast type missions. Another technology definition sheet will address
data collection.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, IGI-A

e e b LA,

—_—

1. TECHNOLOGY REQUIREMENT (TITLE): __High Powered PAGE 1 OF 3_
Microwave System, S Band

2. TECHNOLOGY CATEGORY: Data Processing and Transfer

3. OBJECTIVE/ADVANCEMENT REQUIRED: __To establish high power microwave
tube technolcgy for satellite solar power station.

4. CURRENT STATE OF ART: _Microwave tubes have achieved necessary power
levels terrestrially but not for use in space.

HAS BEEN CARRIED TO LEVEL 3

-

5. DESCRIPTION OF TECHNOLOGY

This technology encompasses the design, fabrication, and testing of microwave
tutes for the specialized needs of the SSPS. These tuhes have power levels of
5> to lOkw in the case of crossed-field amplifiers; and from 50 to 100 kw for
klystrons. In the interest of saving weight, open envelope tubes are

advantageous. The technology of processing tubes in the hard vacuum of space
must be developed.

P/L REQUIREMENTS BASED ON: [] PRE-A,[E] A,O »,00 ¢/p
6. "ATIONALFE AND ANALYSIS:

-

Utilization of solar energy by means of a space satellite in geosynchronous
orbit requires the technological development of specialized microwave tubes.
These tubes must have a long life, cw operation, active phase and amplitude
control, passive cooling capability, high efficiency, low noise, low cost,

low weight, and they must operate at a frequency of 2.45 3Hz to take advantage
of an atmospheric window.

;. LaBILITY OF THh
‘sl PAGE IS POOR

TO BE CARRIED TO LEVEL 10
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): High Powered Microwave PAGE 2 OF 3
System, S Band

7. TECHNOLOGY OPTIONS:

Two types of microwave tubes are feasible for the specialized requirement:
of the SSPS.

a) Cross-field amplifiers (CFA)
b) Klystrons

8. TECHNICAL PROBLEMS:

a) Identify primary sources of tube noise.

b) Develop active phase and amplitude control.

¢) Activation of cathode in the hard vacuum environment of space.
d) Develop passive radiative cooling capability and deslgns.

Yy, POTENTIAL ALTERNATIVES:

Solid state microwave devices, so far, lack the power level required for
this application.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOCY ADVANCEMENT:

Terrestrial demonstration of high efficiency transmission of microwave
power to test the practicability of the SSPS concepi.

EXPECTED UNPERTURBED LEVEL 4 _

11. RELATED TECHNOLOGY REQUIREMENTS:

a) System problem of coupling large numbers (lC)5 1,0 106) microwave tubes in
arrays. 'The output signal of each tube must be controllable in phase and
amplitude in order to properly launch microwave bean.

b) Structural integrity and assembly techniques in the space environment of
arrays having dimens. -s measured in kilometers.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

1. TECHNOLOGY REQUIREMENT (TITLE): _High Powered Microwave PAGF 3 OF _3
System, S Band

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDUIL.E ITEM 75176 77'78 79]180]181182]83}84]3C186]87 SCIQQ 90191
TECHNOLOGY
1. Efficiency trade-off X
2, Noise trade-off X :
3. Terrestrial models XX X X | X
4, Space models X 1 XX XX | X
5.
APPLICATION
1. Design (Ph. C) X X
2. Devl/Fab (Ph. D) XIX X X | X
3. Operations X1X
4,
1:3. USAGE SCHEDULE:
1
TE.CHNOLOGY NEED DATE l ¥ TOTAL
NUMBER OF LAUNCHES 1 500 5ul
14, REFERENCES:
1) Fee..v. .. 3tudy of a Satellite Solar Power Station NASA CR-2357, 1974.
15. LEVEL OF STATF OF ART 8. COMPONFNT OR BREADBOARD TESTED IN RELEVANT
L. BASIC PHENOME ' - ENVIRONMENT IN THE LARORATORY.
. ENOMENA ORSERVED AND RETORIED, 4, MODEL TESTED IN AIRCRAFT ENVIRONMENT,
l. T‘"EOHY }‘(?IKI\IL'LATED TO DESCR!BFE. PIIFNOMENA 7. MODEL TESTFD IN SPACE ENVIRONMENT.
3. THEOM TESTED BY PHYSICAL EXPERIMENT 8. NT'V CAPAILITY DLRIVED FROM A MUCH LESSER
PR MATHEMATICAL MODEL, OPERATIOMNAL MODEL,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIARILITY UPGRADING “°F A\ OPERATI WAL MODEL.
E.G., MATENIAL, CONPONENT, ETC, 10. LIFE.IME EXTENSION OF AN OFLHRATION \1, MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1IGI-B
. o ——
TECHNOLUGY REQUIREMENT (TITLE): _High Power Microwave PAGE 1 OF _3_

System, In Space Processing

24

-

.y
J.

TECHNOL.OGY CATEGCRY:

UBJLCTIVE/ADVANCEMENT REQUIRED:_o_reduce the cost, weight, and
improve the performance ol microwave systems in the 1GHz to 100GHz range by

using the unigue properties of deep space to operate and process open envelope.

1.

CURRENT STATE OF ART: _A study has been completed that shows the
edvantages of tubes with open envelope in the area of efficiency, weight, and

noise. HAS BEEN CARRIED TO LEVEL 4

2. DESCRIPTION OF TECHNOLOGY

The space shuttle in the sortie con.iguration will test the feasibility of:

a) Constructing a 2.45GHz, 6kw awpiitron without a vacuum envelope and
processing and operating the tube in space.

b) Terrestrial construction and processing of a 200watt, 12GHz TWT.

This tuvbe will hav" a collector cover which will be removed in space.

P/1. REQUIREMENTS BASED ON: ] PRE-A,[J A, B,[J ¢/D

|

6.

a) Tb purpose of this requirewen® is to establish a technology base for

2) The space shuttle in the sortie configuration will demonstrate the

RAT. 'NALLK AND ANALYSIS:

operating high power microwave tubes in space.
b, TI:signs, processing and fabrication must be investigated to take advantage
of the properties of space to provide longer tube life and improved
per formance.
c) Exposing the tube parts to take advantage of deep space as a heat sink
and the ultimate in vacuum environment is essential to the task.

feasibility of the concept.

TO BE CARRIED TO LEVEL T_

!l
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(THILE): High Power Microwave PAGE 2 OF 3_

System, In Space Processing

7. TECHNOLOGY OPTIONS:

a) Use of inefficient solid state devices in the low frequency ranges.
b) Use of larger encapsulated tubes with ion pumps.

c) Use of two tubes consecutively used in order to achieve long life system
operation.

8. TECHNICAL PROBLEMS:

a) Higher temperature operation of some tube parts requires new fabrication
techniques.

b) New processing techniques to be developed.

c) Vacuum environment on shuttle not com>letely defined.

d) Activation of cathode in 1018 torr vacuum.

Y. POTENTIAL ALTERNATIVES:

Terrestrially processed tubes with envelopes could be used, but these tubes
would be heavier, larger, have a shorter life and poorer performance.

10. FLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

A study program has been completed. A bread board model of a 200watt 12GHz
system and a 6.0kw 2.45 system is planned to begin in fiscal 76. An engineering
model of beth svstems will follow. The flight model of both systems is p’ ~nned
for the Shuttle in the fiscal years 80-82.

EXPECTED UNPERTURDBED LEVEL 7

11. RELATED TECHNOLOGY REQUIREMENTS:;

a) High temperature brazing all y techniques, 2000°r

b) Heat radiation techniques.

c) Development of urique Indium seal to be opened in space.
d) Use »f rare earth magnetic materials.

e) Develop technology for millimater wave high power systems.

80

o e

LY



T G T S AR T s SIwMR L s o6 eiiaie e e emnman % b o e e A i e

S

DEFINITION OF TECHNOLOGY REQUIREMENT NO.

L

1.

TECHNOLOGY REQUIREMENT (TITLE): High Power Microwave
System, In Space Processing

=
PAGE 3 OF 3

12,

TECHNOI.OGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDU] E ITEM 75)76]77| 78 79'80 81182]83|84]35{86]57]88]89}90}91

1.

2

3.
4.
5

TECHNOLOGY

Brd. Expmt. D & F % X

E. M. Expmt. D & F X KX
FH Expmt. D & F Xl X

Space Tests X X

IQ
2.

4,

APPLICATION

3. Operations

Design (Ph. C)
Devl/Fab (Ph. D)

13.

USAGE SCHENDULE:

TECHNOLOGY NEED DATX X

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:
1) Final Report Contract NAS3-11536 Multistage Depressed Collector for
Traveling Wave Tubes by Hughes Aircraft Co.
2) Final Report NASA 3-11532: Analytic Design of Space born-Axial Injection
Crossed-Field Amplifiers,
3) NASA Contract NAS 3-18932
4) Raytheon Report-Microwave Power Transmission in the Satellite Solar Power
Station System
5) Final Report, Contract NASA (R-2357 Feasibility Study of a Satellite
Solar Power Station.
15. LEVEL OF STATE OF ART 8. COMPONENT OR RREADBOARD TESTED IN RELEVANT
N ENVIRONMENT IN THE LARORATORY.
1. BASIC PHENOMENA ORSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
2. THEORY FORMULATED TO DESCRIBE PIENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT,
3. THRORY TFSTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DERIVED FROM A MUCH LESSER
9R M.-\.'IIlE.\.L-\TlCAL‘.\!ODEI.. OPERATIONAL MODEL,
4. PERTINENT FUNCTION OR CHARACTERISTIC DFMONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATERL\L, CONMPONENT, ETC. 10. LIFETIME EXTENSION OF AN OFLRATIONAL MODEL,
81
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1GI-C

1. TECHNOLOGY REQUIREMENT (TITLE): High Power Microwave PAGE 1 OF _3_
Systems, Low Cost Ground Receiving Systiems

2. TECHNOLOGY CATEGORY: Data Processing =nd Transfer
3. OBJECTIVE/ADVANCEMENT REQUIRED:_To develop low ccct ground receiving

systems for recejving wideband transmissions
43 and 86 GHz.

4. CURRENT STATE OF ART: Anteana, mixer, local oscillator, & detector tech-

nigues and approaches exist. Low cost approaches to system design and imple-
mentation need to be identified and developed. HAS BEEN CARRIED 'fO LEVEL 5

o

om broadcasti satellites at

2. DESCRIVPTION OF TECHNOLOGY

Ground receiving cystems perform the functions of signal pickup (anteuna)
pre-amplification low noise frequency convercsion, amplification, and detection.
With some approaches, pre-amplification and/or frequency conversion may not be
required. Key elements to low cost receivers are the microwave diodes and
circuits used in the mixer and local oscillator and the uncooled parametric
amplifiers for pre-amplification.

P/L REQUIREMENTS BASED ON: B PRE-A,[] A,[0J B, ¢/D

6. RATIONALTL AND ANALYSIS:

Devices and circuits exist to perform the required receiver functions. Effort
is needed to identify those approaches that have potential for low-cost
implementation. The available techniques need to be surveyed, cost /performance
tradeoffs are required, low-cost designs need to be formulated. Without effort
specifically directed toward low cost approaches, the design tendency is N
principally toward performance with only secondary (if any) effort directed
toward cost objectives. A similar approach, design of low cost receivers prior
to band use, was successful in prcducing Low cost receivers rfor 2.6GHz and

12 GHz troadcasting satellite use.

TO BE CARRIFD TO LEVEL 7.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT(TIT._E): High Power Microwave PAGE 2 OF 3

Systems, Low Cost Ground Receiving Systems

7. TECHNOLOGY OPTIONS:

Low noise performance available either via low noise mixer or pre-amplifier.

5. TECHNICAL PROBLEMS:

T ~lementing required functions at low cost, especially frequency conversion
and pre-amplification.

Y. POTENTIAL ALTERNATIVES:

High cost receiving systems which will inhibit use of the 43 and 86GHz
satellite broadcast bands.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Continuing device development, and military receiver development in nearby
frequency bands.

EXPECTED UNPERTURBED LEVEL 5

11. RELATED TECHNOLOGY REQUIREMENTS;:

Solid state oscillators, mixer design techniques, low noise amplifiers,
antenna desians.

”



DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1.

TECHNOLOGY REQUIREMENT (TITLE):

High Power Microwave

PAGE 3 OF 3

Systems, Low Cost Grournd Receiving Systems.

12.

TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 517

6

77

78

79

80

81

82|83184]|35[86]/87f88]89]90}91

TECHNOLOGY

1.
2.
3.
4.

5.

Receiving System
Design

Fabrication & Test

APPLICATION

1.

5]

3.
4,

Design (Ph. C)
Devl/Fab (Ph. D)

Operations

13.

USAGE SCHEDULE:

TECHNOLOGY NIED DATE

1
TOTAL

NUMBER OF LAUNCHES

i

14.

15.

REFERENCES:

LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTLD,
2. THEORY FORMULATED TO DESCRIBE PHENOMENA.
3. THECIY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

E.G., MATERIAL, CONPONMENT, ETC,

COMPONFNT OR BREADBOARD TESTLD IN RELEVANT
ENVIRONMENT IN Tt LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT,

. NEW CAPANLITY DLRIVED FPONM A MUCH LESSER

OPERATIONAL MODLL,
RELIARILITY UPGRADING OF AN UPERATIONAL MODEL,

. LIFETIME EXTENSION OF AN OI'LRATIONA', MODEL,

\&.4‘



DEFINITION OF TECHNOLOGY REQUIREME. NO. IGI-D
e |
1. TECHNOLOGY REQUIREMENT (TITLE): High Power Microwave PAGE 1 OF 2 |
Amplifier, X~Band

2. TECHNOLOGY CATEGORY; Data Processing and Transfer

3. OBJECTIVE/ADVANCEMENT REQUIRED:__To deveiop and test an X-band micro-
wave amplifier design for dual mode TWT to support deep space communications

requirements.

4. CURRENT STATE OF ART: TWT's using multi-stage depressed ccllectors have

been built at 12GHz which demonstrated efficiency of 50%.
HAS BEEN CARRIED TO LEVEL 3

© e g ey e

S
5. DESCRIPTION OF TECHNOLOGY

The TWT would be a dual mode, 100/50W tapered helix amplifier augmented with
a multi~stage depressed collector and spent beam refocusing system. The
amplifier would operate at 8.3GHz and have an overall efficiency of 60%.

The dual mode operation can be easily accomplished by a gun with a non-
intercepting grid. The operation would be optimized for the higher power level
while the power conservation at the one half mode would be largely accomplished
by the Lewis MDC combined with spent beam refocusing system.

P/L REQUIREMENTS BASED ON: [¥] PRE-A,[J A,[0 B,J C/D

6. RATIONALT AND ANALYSIS:

Justificaticn - The transmission of data from the near and very distant planets
poses a requirement for the availability of TWT amplifiers with excellent
performance in cormunication aspects with duil mode operation ability and with
superior overall efficiency. The TWT amplifiers, with 100/50 watt dual mode
ability is best suited to serve the needs of very distant or less distant
transmission from planets, where the dual mode switching ability would greatly
increase mission flexibility. While the planetary probe is in the vicinity of
a planet, the TWT could use the higher power level for picture transmission

at high data rates. The lower power level ¢ .uld then be used with lower data
rates thereby making additional power available for science measurements.

TO BE CARRIED TO LEVEL _5_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): _High Power Microwave

PAGE 2 OF 2_
Amplifier, X-Band

7. TECHNOLOGY OPTIONS:

a) Increase prime power requirements to support a lesser efficient amplifier,
or

b) limit data rate for picture transmission.

8. TECHNICAL PROBLEMS:

Design to achieve high overall efficiency and good phase and gain performance
with a tapered helix structure,

Y. POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL _ .

11. RELATED TECHNOLOGY REQUIREMENTS:

ODUCIBILITY OF THE
..-i"AL PAGE IS POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, IGI-E

e —

1. TECHNOLOGY REQUIREMENT (TITLE): High Power Microwave PAGE 1 OF 3 _
_Systems, SHF Systems

i 2. TECHNOLOGY CATEGORY: __Tata Processing and Transfer
3. OBJECTIVE/ADVANCEMENT REQUIRED:_To_establish high power rf system

technoloqy for space broadcast applications.

i

——

4. CURRENT STATE OF ART; _Communications technology satellite {(CTS), 200
TWT 12 GHz, 50% efficiency

HAS BEEN CARRIED TO LEV ..

- — ey

2. DESCRIPTION OF TECHNOLOGY

Analytical and experimental investigation of problems in high power (> 200W®
spzce-borne microwave transfer systums, including rf power amplifiers, power

processors and high pcwer microwave waveguide chain components (switches,
filters, diplexers, isolators etc.).

Critical parameters: Long life operation in space, minimum loss and
distortion of signal, minimum weight and volume.

e

P/L REQUIREMENTS BASED ON: & PRE-A,[J A, B,[J ¢/D

6. RATIONALLF AND ANAILYSIS:

a) Efficient use of assigned space broadcast bands.

b) High power required to reduce cost of earth stations and thus provide
communications services to a wide variety of users,

TO BE CARRIED TO LEVEL 5
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

#

1. TECHNOLOGY REQUIREMENT(TITLE): _High Power Microwave PAGE 2 OF 3
Systems, SHF Systems

7. TECHNOLOGY OPTIONS:

a, Ground receiver noise temperature affects satellite rf power (direct
dB relationship).

b) RF amplifier and power processor efficiency affects the DC power
requirement (solar array size).

¢) Number of simultaneous transmitter channels affects the transmitter
power output (approximately 6dB backoff required for 2 channels).

8. TECHNICAL PROBLEMS:

a) RF losses increase with frequency

b) Multipactor breakdown

¢) Thermal stability-small size of tuned elements
d) Production techniques - extreme tolerances

e) Efficiency is low - thermal problems

Y. POTENTIAL ALTERNATIVES:

2) Power combining cf several lower power sources as opposed to a single
high power amplifier.
b) Low spacecraft output power will increase the ground receiver cost.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

None

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIEEMENTS:

None
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

E

1. TECHNOLOGY REQUIREMENT (TITLE): _High Power Microwave = PAGE 3OF 3 _

Systems, SHF Systems

12. TECHNOI1.OGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDUL.E ITEM 75176 77I78 79180|81

82

83184[35]86{87]88{89[90}91

TECHNOLOGY |
1. systems Tradeoffs {

>
>

2. Component Design ¥ X

3. Thermal Design A x|x

4, Component Tests iX

5, Prototype Test X

APPLICATION
1. Design (Ph. C) X

2. Devl/Fab (Ph. D) XX

3. Operations )%X
4.

13, USAGFE SCHEDULE:

TECHNOLOGY NEED DATE X

T
TOTAL

NUMBER OF LAUNCHES 1

14. REFERENCES:

final report, NAS3-14360, July 1972,

final report, NAS3- 14359, July 1972.

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBRSERVLD AND REDPORTED.

2. THEORY FORMULATED TO DESCHK!BE PIENOMENA,

3. THEORY TFSTLD BY PHYSICAL EXPERIMENT
OR MATIHEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, CONPONENT, F1C,

a) Applications Technology Satellite Advances Mission Study, NASA-Lewis

b) Applications Technology Satellite Advanced Mission Study, NASA~Lewis

¢) High Power Microwave Components for Space Communications Satellites,
NASA-Lewis, Final report, NAS3-13727, Feb. 1972.

COMPONENT "™ AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN Ti{E LABOR ‘RY.

MODEL TESTED IN AIRCRAFT IRONMENT,

MODEL TESTED IN SPACE ' .HONMENT.

NEW CAPANILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODEL,

RELIARILITY UPGRADING OF AN OPERATIONAL MODEL.

LIFETIME EXTENSION OF AN OI'LRATIONAY, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. _1GI-F

—

1. TECHNOLOGY REQUIPEMENT (TITLE): High Power Solid State PAGE 10F 4_
! Systems, UHF Band

2. TECHNOLOGY CATEGORY: _Data Processing and Transfer,

3. OBJECTIVE/ADVANCEMENT REQUIRED;__: @ establish high power RF system
technology for space broadcast applications.

4. CURRENT STATE OF ART: 100W, 45% efficiency, 30 MHz bandwidth.

HAS PEEN CARRIED TO LEVEL _

5. DESCRIPTION OIF TECHNCLOGY

Solid state UHF power amplifier with associated power conditioning and output
circuit components (filters, isolators, power combiners, switches, diplexers,
etc.) required for direct broadcast application such as disaster warning
satellite. RF power output - 50 500W

Bardwidth 20 MHz

Gain 30dB
Critical parameters: Power output, efficiency, size, weight and long lire.

P/L REQUIREMENTS BASED ON: [] PRE-A,[ A,[Q B,[0J ¢/D

6. RATIONALE AND ANALYSIS:

a) High RF output power required due to low cost ground receiver inside
building (15 dB building attenuation, receiver NF) 7dB

b) Solid state devices and circuits increase lifetime, reliability of

transmitter an offer opportunity to minimize size ar’ woight of
transmitter.

c) The technology program should culminate in the testirg o & bre: "board
model on ground tests.

TO BE CARRIED TO LEVEL 5
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): _High Power Solid State = PAGE 2 OF 4
Systems, UHF Band

7. TECHNOLOGY OPTIONS:

Critical factors in the Cisaster Warning Sys’ :m that affect the transmitter

output power and satellite payload use:

(a) Efficiency cof the transmitter affects the DC power requirements for the
transmitter (linear relationship).

(b) Noise temperature of the ground receiver affects the required power output
of the satellite transmitter (direct relationship in dB).

(c) Building attenuation directly affects the required transmitter output power
(direct relationship in dB) antenna location, outside the building desirable

(d) Number of simultaneous signals in the transmitter affects the output power
available (limited by intermodulation signal level requirements) design
assumed to be one carrier per transmitter. (Approximately 6dB back-off
from maximum power output is required for 2 simultane~s signals,)

(e) Power output per transmitter affects the size and weight of the payload;

8. TECHNICAL PROBLEMS:

State of the art in solid-state transmitters is: power ur to 100W, 45%
efficiency, 20MHz BW. In the power range of 100W to 430W, technical problems
are: (1) thermal problems (transistor junction ‘emperatare = 125°C maximum) ;
(2) large size and weight of the transmitter; (3, efficiency (loss of
efficiency due to combining losses).

Y. POTENTIA|. ALTERNATIVES:

Cross-field amplificr can be used fcr higher power outputs; development of
amplifier is -equired; cathode life appears to be a limiting factor in long
life operatiun (5-7 years).

Power combining of many low power sources. The use ¢~ an outside antenna would
reduce the attenuation from the present 15dB specification, thus lowering the
transmitter power requirement. Cost of user receiver systems would increase.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __
11. RELATED TECHNOLOGY KEQUIREMENTS:

None

| the numher of transmitters affecte the gize apd wej gh: af the pa;“nad $
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

- m— :#

¢ 1. TECHNOLOGY REQUIREMENT (TITLE): High Power Solid

PAGE 3 CF 4

State Systems, UHF Band

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAKR

SCIEDULE ITEM 75176 177]78]79]80

81

82]83]84]351,6187]88]39|90]91

TECHNOLOGY
1. System Tradeoffs XX

2. Transistor Selection X

3. Thermal Design XAX
4. Ampl. Ckc. Design X)ﬁx
5

+ Breadboard Test XX

4.

APPLICATION
1. Design (Ph. C) XX

2. Devl/Fab (Ph. D) XY

3. Operations

13.

USAGE SCHENDUL.E:

""ECHNOLOGY NEED DATE X

1
T.OTAL

NUMBER OF LAUNCHES

a)
b)

c)

15.

1.
1.
3.

1t. REFERENCES:

Disaster Warning Satellite Study, March 1971 NASA-Lewis
Disaster Warning System, NASA CR-134622, Final report, CSC

Disaster Warning Satellite Study ’"'pdate, July 1975, NASA-lewis

LEVEL OF STATE OF ART

BASIC PHENOMENA ORSERVLD AND RETORTED,

THEORY FORMULATED TO DESCR!BE PIIL.NOMENA,

THFEORY TESTED BY PHYSICAL EXPERIMENT
OR MATIHEMATICAL MCDEL,

PEHTINENT FUNCTION OR CHARACT..RISTIC DEMONSTRATED
E.G., MATERIAL, CONPOMNENT, ETC,

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED (N AIRCPAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT.

NEW CAPANLITY DERIVED FROM A MUCH LES R
OPLRATIONAL MODLL.

RELIABILITY UPGRADING OF AN OPERATI Winl, MODEL,

LIFETIME EXTENSION OF AN OI'LRATION 1. MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
e

1. TECHNOLOGY REQUIREMENT (TITLE): __High Power Solid State PAGE 4OF 4__
——Sy * ms,. IHF Band

7. (Cont'd)

(f) Receiver bandwidth directly affects C/N cf the receiver and thus the
rf power output and DC power input requirements of the transmitter.

S R L O R T
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-G

-1. TECHNOLOGY REQUIREMENT (TITLE): _High Power Microwave = PAGE 1 OF %_
Systems, Millimeter Wave Systems
2. TECHNOLOGY CATEGORY: Data Processing and Transfer

3. OBJECTIVE/ADVANCEMENT REQUIRED:__To establish high power rf systems
technology for 41-43 and 84-86 GHz space applications.

4. CURRF{NT STATE OF ART: Microwave amplifiers and ssive high power rf
components have been develd .
space systems must be identified and developed. pace power processing systems
O
v RV Pow Gpsoped WITH OUTPUT POVErs OT SUW 45 BREN CARRIED TO LEVEL 3

5. DESCRIPTION OF TECHNOLOGY

High power millimeter wave rf system performs the functions of signal selection
amplification to output rf powers of 100-200W. Passive components provide
power amplifiers protection, harmonic filtering, signal multiplexing, and
selective coupling. The power processing system converts prime electrical
power to regulated levels necessary to support the power amplifier and provides
the interface for remote command, control, and monitoring. Key elements of
this technology are the microwave power amplifiers and the power processing
system.

P/L REQUIREMENTS BASED ON: [§] PRE-A,[J A, B,[J ¢/D

6. RATIONALE AND ANALYSIS:;

To overcome spectral crowding, the World Administrative Radio Conference
(WARC) in 1971 adopted world-wide exclusive allocations in the 40 and 80 GHz
frequency bands for Broadcast Satellite Service, representing the rirst
exclusive allocation for this purpose at any frequency. Having requested and
received allocation, it is incumbent upon us to investigate the use of these
bands at 41-43 and 84-86 GHz, which provide 4 GHz of bandwidth as compared to
the current 500MHz of total TV bandwidth in use today. This capability will
permit the transmission of a wide range of data for educational programming,
medical conferencing, law enforcement and entertaipment among other civil
applicaticns.

TO BE CARRIED TO LEVEL [
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT(TITLE): __High Power Microwave PAGE 2 OF 4
Systems, Millimeter Wave Systems

7. TECHNOLOGY OPTIONS:

Use of multiple low level amplifying devices with inherent low efficiency;

1.2 orders of magnitude below microwave amplifiers having overall efficiencies
of 30-40%. Use of solid state, limited power devices resulting in extremely
high ground systems cost.

b 1tistage depressed collector technolcg/_

8. TECHNICAL PROBLEMS:

The utilization of the 40 and 80GHz frequency bands for space application poses
technology problems. Thermal component stress, which is proportional to the
5/2 power of frequency , will result in active and passive high power component
development problems. Thermal power loading will approach 1000 W/cm2 in the
rf interaction structure. Cathode current density requirement will exceed
10A/cm=. The solution to these problems at 40 GHz will require significant
advances in rf structure and cathode technology. Beam refocusing efforts will

Y. POTENTIAL ALTERNATIVES: (contd.)

High cost systems, with limited life and reliabiiity, will inhibit the use of
these bands.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL

11. RELATED TECHNOLOGY REQUIREMENTS:

None
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

==z ===

1.

TECHNOLOGY REQUIREMENT (TITLE): High Pover Microwave ~ PAGE 3 OF 4
Systems, Millimeter Wave Systems

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDUL.E ITEM 75]76 | 771 78179]80]/81|82]83|84{35|86]87]88]89|90]91
TECHNOLOGY
1, System Study Xt X
2. Amplifier Dev. Xl xk x K | x|x X
Passive rf Comp.
3. Investigation XRPX XXX X)X XX
4, PPS Dev. X X [ x]x[(XxX (XXX |X
5.
APPLICATION
1. Design (Ph. C)
2. Devl/Fab (Ph. D)
3. Operations
4.
13. USAGE SCHEDULE:
1
'TECHNOLOGY NEED DATE X X TOTAL
NUMBER OF LAUNCHES 1 1 2

14. REFERENCES:

15. LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT

"A Novel Axisymmetric Electrostatic Collector for Linear Microwave Tubes",
H. Kosmahl NASA D-6093 Feb. 1971.

"p 240 Watt, 12 GHz Space Communication TWT with 56% Overall and 8i% Collector
Efficiency", H. Kosmahl, O. Ssuseng and B. McNacy. IEEE-ED, Vol. Ed-20 Dec.
1973. .

Mendel, J.T.; "Travelling Wave Tubes", Proc. IEEE Vol. 61, No. 3, March 1973 pp.
280-298.

Henry, J.F. "Some New Results With High Power Millimeter Wave Tubes", paper
presented at 1964 WESCON Los Angeles, Aug. 25-28.

Okamoto, Tadashi, et.al.; "Millimeter Wave High Power Travelling Wave Tubes".
Toshiba Review Vol. 26, No. 4, 19Tl pp. 28-32.

ENVIRONMENT IN THE LARORATORY,
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
7. MODEL TESTED IN SPACE ENVIRONMENT.

1, BASIC PHENOMENA ORSERVED AND RETPORTED,
2. THEORY FORMULATED TO DESCR!BE PHLNOMENA.

3. THEORY 'I:ESTED BY PHYSICAL EXPERIMENT 8. NEW CAPANILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL.

4 P!‘;:RT(;INB;I ;;:UNCTIO.\' O‘R CIIA‘RACTERISTIC DEMONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
2Oy RIAL, COMPONENT, ETC, 10, LIFETIME EXTENSION OF AN OI'ERATIONAL MODEL,

% gmbmlsm OF THE
oRMINAL PAGE IS POOR




[ TR

-y

R

SRS RETE RIS IR N

MY RY A

WU

g & Geew 1w

DEFINITION OF TECHNOLOGY REQUIREMENT NO. GE-5.4

J—— —]

1. TECHNOLOGY REQUIREMENT (TITLE): High Power, High PAGE 1 OF & _
Efficiency Transmitter

2. TECHNOLOGY CATEGORY: Special Devices

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Qbtain power output in the rapge of 50
to 500 watts in the frequency band 620 to 790 MHz, transmitter characteristics
to be: U5% efficiency, 304B gain, 20 MHz bandwidth, minimum size and weight.

4. CURRENT STATE OF ART: _100W, 45% efficiency, 30MHz bandwidth, single
channel centered at T90 MHz.

HAS BEEN CARRIED TO LEVEL 4

5. DESCRIPTION OF TECHNOLOGY

Direct broadcast CW operation, single channel operation such as required for
the Disaster Warning Satellite (CN-5L4A).

Critical parameters are:

power output, efficiency, size, weight, and long
iife.

P/L REQUIREMENTS BASED ON: [] PRE-A,B8 A,[0 B,[J ¢/D

6. RATIONALE AND ANALYSIS:;

(a) Low cost ground receiver in a building (15 dB tuilding attenuation);
58.6 ABW EIRP required for a 9.0 dB S/N ratio at the receiver; receiver
noise temperature of 1100°K.

(b) Benefiting payload: CN-S54A, Disaster Warning Satellite.

(c) Solid-state devices and circuits increase lifetime, reliability of
transmitter and offer opportunity to minimize size and weight of
transmitter.

(d) The technology program should culminate in the testing of a breadboard
model on ground tests.

TO BE CARRIED TO LEVEL 5
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.cr_5 4

1. TECHNOLOGY REQUIREMENT(TITLE): _High Power, High PAGE 2 OF _4
Efficiency Transmitter

7. TECHNOLOGY OPTIONS:

Critical factors in the Disaster Warning System that affect the transmitter
output power and satellite payload use:

(a) Efficiency of the transmitter affects the DC power requirements for the
transmitter (linear relationship).

(b) Noise temperature of the ground receiver affects the required power output
of the satellite transmitter (direct relationship in dB).

(c) Building attenuation directly affects the required transmitter output power
(direct relationship in dB); antenne location outside the building
desirable.

(d) Number of simultanecus signals in the transmitter affects the output power
available (limited by intermodulation signal level requirements); design

assumed to be one carrier per transmitter. (Approximately_6 dB back-off
from maximum power output is required for 2 simultaneous signals. ((cont a).

8. TECHNICAL PROBLEMS:

State of the art in solid-state transmitters is: power up to 100W, 459
efficiency, 20 MHz BW. In the power range of 100W to 430W, technical probiems
are: (1) thermal problems (transistor junction temperature = 125°C maximum);

(2) large size and weight of the transmitter; (3) efficiency (loss of efficiency
due to combining losses).

Y. POTENTIAL ALTERNATIVES;

Cross-field amplifier can be used for higher power outputs; development of
amplifier 1s required; cathode life appears to be a limiting factor in long
life operation (5-7 years).

The use of an outside antenna would reduce the attenuation from the present
15 dB specification, thus lowering the transmitter power requirement. Cost of
user receiver systems would increase.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Global Positioning Satellite Program - 1600 MHz transmitter being developed by

North American Rockwell.
GE in-house program - VHF and 1600 MHz transmitters.

EXPECTED UNPERTURBED LEVEL 5

11. RELATED TECHNOLOGY REQUIREMENTS;:

None
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, GE-5.4

e =

1. TECHNOLOGY REQUIREMENT (TITLE): _High Power, High PAGE 3 OF _)*_
Efficiency Transmitter

7. TECHNOLOGY OPTIONS: (Continued)

(e) Power output per transmitter affects the size and weight of the payload;
the number of transmitters affects the size and weight of the payload.

(f) Receiver bandwidth directly affects C/N of the rzceiver and thus the rf
power output and DC power input requirements of the transmitter.

IR, SRR * T
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DEFINITIOIT OF TECHNOLOGY REQUIREMENT NO. Gg-5. 44 | S
- . ,
1. TECHNOLOGY REQUIREMENT (TITLE):_High Power, High PAGE 4oF 4 _ ol
Efficiency Transmitter , 4
P
12. TECHNOLOGY REQUIREMENTS SCHEDULE: High Power Amplifier (100-430W) I
CALENDAR YEAR -
SCHEDULE ITEM 75176 |77|78]79[ 80|81 82| 83|84]35]86|87|88| 89|90 |91 o
TECHNOLOGY !
1. System Tradeoffs 4 ‘
2. Transistor Selection —_
3. Thermal Design 1
3
4. Ampl. Ckt. Design —_ :
5. Breadboard Test ]
APPLICATION
1. Design (Ph. C) - :
2. Devl/Fab (Ph. D) S
3. Operations
a.
= L i ;5’
13. USAGE SCHEDULE: 3
T
TECHNOLOGY NEED DATE 4 TOTAL ) s
NUMBER OF LAUNCHES 1)1 1 1 4
3
14. REFERENCES:
(a) Telephone conversation with J. R. Ramler, NASA Lewis. ad
(b) Feasibility Study of Using Satellites for a Disaster Warning System,
R-3015-2-1. ,a
gL
%,
15. LEVEL OF STATE OF ART 8. COMPONFNT OR BREADBOARD TESTED IN RELEVA}
ENVIRONMENT IN THE LARORATORY, :
1. BASIC PHENOMENA ORSERVED AND REPORTED. 6. MODEL TESTED IN AIRCRAMT ENVIRONMENT, ]
2. THEORY FORMULATED TO DESCRIBE PIENOMENA. 7. MODEL TESTED IN SPACE ENVIRONMEN'T, ;
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPAMIATY DERIVED FROM A MUCH LESSER *
OR MATHEMATICAL MODEL.. OPERATIONAL MODEL.
¢ PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 5
E.C., MATERIAL, COMPONENT, ETC, 10. LIFETINE EXTENSION OF AN OI'LRATIONAL, MODEL, :
100 g]
3
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, GE-1.9
1. TECHNOLOGY REQUIREMENT (TITLE): _large Microwave ___ PAGE 10F _3_

Antenna Arrays
2. TECHNOLOGY CATEGORY: Collectors

3. OBJECTIVE/ADVANCEMENT REQUIRED: Meintain the required dimensional
accuracy of large foldable antenna arrays in terms of flatness and phase-feed

point dimensions.

4. CURRENT STATE OF ART: _Antenna structure can be designed and ganufectyred
to the required tolerances, but maintenance of the tolerances in the extreme
thermal conditions of space is not in the Soa. HAS BEEN CARRIED TO LEVEL 3

5. DESCRIPTION OF TECHNOLOGY

The subject advancement is representative of structural requi-ements for large
(over Sm) foldable microwave antenna arrays for active and passive earth-sensing
applications. Flatness requirements range from 1/k to 1/20 wavelength. For
instance, the ATL printed circuit array antenna which will support simultaneous
measurements in altimetry, scatterometry and passive radiometry will require
surface flatness during operation of less than 0.25 CM. During the Shuttle era,
antenna lengths up to 30 meters long (Met. Radar Facility) are planned. They
will be articulated or deployable, and will receive varying thermal flux contri-
butions from the earth's albedo, the sun, and the Shuttle/Spacelab assembly.

Foldable antenna arrays, up to 30 m. long have not been built to date. A 14
meter long printed phase arrey is being designed for SEASAT. Although flatness
tolerances of 0.25 CM over a 25 meter span are well within current manufacturing
capabllities, the maintenance of these tolerance limits under the expected space
thermal conditions is not within the state of the art.

P/L REQUIREMENTS BASED ON: [J PRE-A,[] A,00 B,000 ¢/D

6. RATIONALE AND ANALYSIS:

() The required dimensional tolerance of antenna arrays will be based on
operating frequencies renging up to 100 GHz and the criteria of 1/4 to 1/20
wavelengih contour accuracy. The optimum frequency upon vwhich the design
will be based will consider the required altitude and radiometric measure-
ment accuracy and degree of weather penetration.

(b) This technology advancement specifically supports: the Slotted waveguide
Antenna for Payload No. ST- 228 (ATL); the Shuttle Imaging Microwave System,
E0-058; Multifrequency Radar Land Imagery, OP-025; Multifrequency Duel
Polarized Microwave Radiometry, OP-03S; and the Millimeter Wave Exper'ment.

(¢) Tris advancement will be instrumental in attaining altitude measureme.ts
with less than one meter error for everaging times of ten seconds, land and
ocean imaging, microwave soundings of t»e atmosphere and other earth
observation applications.

(d) Structural models of the antenna array should be tested in simulated
thermal vacuum conditions.

TO BE CARRIED TO LEVEL _§
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.GE~1.9
1. TECHNOLOGY REQUIREMENT(TIILE): _lerge Microwave Antenna _ PAGE 2 OF 3_

Arrays

7. TECHNOLOG™ OPTIONS:

The 1/4 to 1/20 wavelength flatmess criterion will be relaxed, in some instances,
depending on the allowable degree of measurement degradation. The antenna
dimensional tolerance will significantly affect microwave beamwidth, sidelobes,
and system efficiency. Methods of actively adjusting the position of individuel
antenns segments to compensate for deflecting influences, such as thermal
gradients or inertial loads are theoretically possible, but may introduce undue
complexity and program cost.

8. TECHNICAL PROBLEMS:
Thermally induced deflections must be minimized through proper material selection

and structure design. The hinge mechanism mist be properly indexed to permit
proper parallelism between antenna segments and its elements after antenna deploy-
ment (unfolding). Special test procedures must be developed to simulate zero-g
for pattern measurements and thermal distortion measurements. Erectable antenna
structures 10 to 30 meters long, bullt for maximum weight saving, will be subject
to serious distortion forces due to gravity during ground testing.

Yy, POTENTIAL ALTERNATIVES:

Altimetry measurements will be feasible through use of a smaller array or
parabolic antenna, as indicated in DTR No. GE-4.4. However, the high resolution
microwave radiometry and imaging applications will require a large array.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

a) RTOP W7L-7O492 Earth Observations Raday Workshop

b) RTOP W74-70274 Structural-Thermel-Optical Program

¢) Additional technology program emphasis will be required to insure
availability of the required antenna technology early in the Shuttle Program.

EXPECTED UNPERTURBED LEVEL 3_

11. RELATED TECHNOLOGY REQUIREMENTS:

The development of the subject antenna technnlogy must be done in conjunction
with the analysis and advencements in microwuve systems for altimetry,
scatterometry, radar ilmaging, end passive microwave radiometry. The advances
in holographiz microwave techniques will be relevant to the subject requirement,
since the dimensional tolerances on tie antennas vwill be more stringent.
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO.gg-1.9

1. TECHNOLOGY REQUIREMENT (TITLE): _Large Microwave

Antenna Arrays

PAGE 3 OF 3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

76177178179

80

81

TECHNOLOGY

1. Thermal/Structural
Anal.

2. Material Selection

3, Range Tests of Proto-
type

4 . .
=* Space Qualification

82183]84]35|86]87]88 89}9ﬂl9ﬂ7
T

y
¢
i

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations

4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:;

1. study of Shuttle Compatible Advanced Technology Laboratory ATL.

TM-~X-2813

2. Shuttle Imaging Microwave System (SIMS), Perspectives and Objectives,
by Dr. J. Waters, JPL, January 22, 1974,

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED,
2. THEORY FORMULATED TO DESCK!BE PUENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,

4. PENTINENT FUNCTION OR CHARACTERISTIC DFEMONSTRATED,

E,G., MATEIIAL, COMPONEN™ STC,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRCNMENT IN THE LAHORATORY.,

MODF.L TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED IN SPACE ENVIRONMENT.

. NEW CAPARILITY DLRIVED FRUM A MUCH LESSER

OPERATIONAL MODEL,
RELIARILITY UPGRADING OF AN OPERATIO™MAL MODEL,

. LIFETIME EXTENSION OF AN OI'LRATIONAT, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

M

1. TECHNOLOGY REQUIREMENT (TITLE): _High Power Microwave PAGE % OF b
Systems, Millimeter Wave Systems

8. (Cont'd) to control widely divergent beams resulting from high space
charge forces. The power processing system required to support rf power
amplifiers in this frequency range must provide regulated output powers
up to 800W with voltages of 25kv to 4Okv. In addition, energy storage
must be limited to preclude catastrophic failure due to an internal arc.
This represents a significant advance in space power system technology.
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well as tracking errors. In practice, small optical mirrors cannot maintain beam

laccuracy of 0.04 to 0.06 arc seconds. "Cat's Eye" type reflectcrs need to be re-

IGI-J
DEFINITION OF TECHNOLCGY REQUIREMENT NO, C-1.8

1. TECHNOLOGY REQUIREMENT (TITLE): W&Lﬁn PAGE 1 OF
mental Techniques for Iasers; Communication Flneness pn Iy ty Of Alignment;
Enable Minual Access As Well As Automatic Apd Mepuel Adjustment.

2. TECHNOLOGY CATEGORY: Collectors

3. OBJECTIVE/ADVANCEMENT REQUIRED: ng%_ming%s of opté-
cal system is desirej within 0,04 arc second ima.i Y ge n%ff?gai:e or_optical Denc

b, to minimize wavefront distortion, avoid spoiling coherence,
and enable tracking. Tracking of gimbaled laser telescope will be good to &about
lare second after initial acquisition sear

ch,
4. CURRENT STATE OF ART: ca flat mirrors{even half silvered for beam
splitting Jand two axis mirror mounts manually & . ;
however, neither sdjustments for long optical traips por the breadboard philosopiy

for laser experimentation have been proves yet. HAS BEFN CARRIED TO LEVEL 4

5. DESCRIPTION OF TECHNOLOGY Modulated laser besms at 10.6, 1.06, 0.53yu
!are used as carriers in a laser communication system. For experimenters tc have
ccess to the lasers and receiving circuitry, systems of mirrors are used to route
eceived and transmitted beams to an optical telescope that is used for projecting
nd receiving the signale. To avoid damage to mirrors the outgoing laser beaus sre
expanded to dis:ribute laser energy over a greater reflection area. All the op::ﬁjij
e to be mounted in a stable structure. Some of the mirrors are fixed but man
djustable; some are on two axis mounts driven by error signals via analog or digii
tal computing circuits to compensate for Space Lab or orbital vehicle motions as

coherence equivalent to 0.04 arc sec (Airy disc size is about 1 arc sec at wave-

lengths shown). However, as has been demonstrated by many autocollimators, angular
detect.on devices track either the centroid or preferably the edges of a reflected
image of a small mirror which may be blurred by diffraction and aberrations with an

searched to minimize need for sub-arcsecond alignment.
P/L REQUIREMENTS BASED ON: m PRE-A,[] A,[J B,[0J ¢/D

6. RATIONALE AND ANALYSIS:

a. Although most of the optical system components for receiving and transmitting
the laser communication to and from a Space Shuttle Orbiter payload are avail-
able, logic programming and serve system techniques need to be developed to
enable integration of components.

b. The techniques are needed to implement CN-05-S, laser Communication Experiment
(MSP" version). An additional laser exper::.ent proposed by GSFC with a new
CN-XX-S5 number can be mounied outside the Spacelab cabin on the pal'et. 1t is
not accessible for manusl experimentation during flight. However, the optical
beam alignment and transfer techniques may be applicable to all payloads in-
volving optical referencing, tracking, or pointing, where very gocd correlatim
and allgnment are needed.

¢c. The techniques will enable development of techniques for proper detection and
translation of laser signals from ground to space and space to ground. A later
GSFC experiment will apply lessons learned toward development and test of
practical laser communications equipment.

d. The technology requirement is satisfied when & similar optical system functiors|
successfully in space.

___TO BE CARRIED TO LEVEL T_
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DEFINITION OF TECHNOLOGY ° _QUIREMENT NO, C-1.8
1. TECHNOLOGY REQUIREMENT(TITLE): _VIS-IR QOptics ExperimentalPAGE 2 OF 3
Techniques For lasers; Communications Fineness And Stability ignment; Enable
s i j t.

7. TECHNOLOGY OPTIONS:

A preliminary review of the current state of the art indicates that the up-~link
and down-link optical transmission trains can be corrected by servced beam de-
flectors driven by error signals obtained from tracking detectors. However, no
existing system for as many optical elements exist. The most critical beam de-
flectors are those coupling the gimbal-d telescope to the internal laser and de-
tector optics. Tracking capability will deper’ largely on the accuracy and stabil
ity of the optics train used to track the incoming laser sigrnals. Use of a stable
optical base and strategic layout of optical trains will reduce the number of
servoed deflectors to a minimum.

A major trade exists as to whether a multiple carrier laser communication experi-
went in breadboard (optical bench) form or the finished operational form is flown.
Plane parallel plates in divergent or convergent optical space can provide up to
100:1 advantage in beam angular adjustments.

¥. TECHNICAL PROBLEMS: ’

a. Optical path extends from pallet in shuttle orbiter to pressurized module and
is subject to large deflections and distortions.

b. Use of a number of movable mirrors in passing the beam through a multiaxis
mount as well as the beam deflectors requires a systematic allocation of
corrections in each axis of each deflector.

¢. Tracking pointing needs to be accompiished to within a fraction of a beamwidtly
(0.1 arc sec for 1 arc sec beam) simultaneously with alignment of lcser signall
jcal trains; interactions may occur.

9. POTENTIAL ALTERNATIVES:

a. A computer controlled alignment system using auxiliary corner rerlectors or
fiducial marks on each servoed mirror might enable balanced correction of
errors in alignment of mirrors.

b. A more reliable laser communicacor unit mounted on standard gimbals (Instru-
ment Pointing System) can be used in later commuanication experiments. It
avoids laser beam tracking through windows and on optical bench but is not
accessible for human manipulation.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

&. W74-TO34k4 (502-03-11) Optical Communication Research, GSFC, H. H. Plotkin,
(301) 982-6171.

b. Comwmunication Exp. Definition, TRW Report DR-MA-OL, pages 9-1 through 9-19,
Appendix A, 9A-1 through 9A-15 under study from MSFC (C. Quantock).

EXPECTED UNPERTURBED LEVEL 7

11. RELATED TECHNOLOGY REQUIREMENTS:

a. Telescope pointing to 0.1 reconds (beam adjustments to sub-arc seconds can be
accomplished by use of plane parallel plates in divergent or convergent
optical space to obtain a lever effect where the actual mirror angle can be
adjusted only with a precision of several arc seconds).

b. Tracker and alignment detector errors less than 0.1 arc seconds to minimize
accumulative errors of several loops.

KEPRODUCIBILITY OF THE
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.~_1.8
1. TECHNOLOGY REQUIREMENT (TITLE): _VIS-IR Optics Exggri- PAGE 3 OF
mental Techniques For lLasers; Communication rineness y Of Alignment;
3 A tic And Manual Adjustment.
12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75176 |77]178179180(81]82[83|84{35|86]87]88|89/90]91

TECHNOLOGY

1. Parametric Analysis .+.

9. Comm. Breadboard . .

3. Test & Evaluation -t

4.

5'
APPLICATION

1. Design (Ph. C) -4

2. Devl/Fab (Ph. D)

3. Operations ole|e® o|o|e

4.

13. USAGE SCHEDULE:

T

TECHNOLOGY NEED DATE T TOTAL
NUMBER OF LAUNCHES 111 % 1111 6
14. REFERENCES:

a. Definition of Experiments and Instruments for a Communication/Navigation

Research Laboratory, Vol. II, Experiment Selection, Study Report DR-MA-Ok, May
1972, TRW, pages 9-1 thru 9-19, Appendix A pages 9A-1 thru 9A-15.

b. Summerized NASA Payload Descriptions, Sortie Payloads. Ievel A Data, NASA FD,
July 197h4.

c. Préliminary Payload Descriptions, Volume II, Sortie Payloads, lLevel B Data,
NASA, July 19Tk.

d. ILtr. from Robert T. Martin of Barnes Engirzering Company to H. Ikerd,
27 Dec. 1975.

Legend

T = Technology

@ = Sortie Operations

15. LEVEL OF STATE OF ART 8. COMPONFNT OR AREADBOARD TESTED IN RELEVANT

ENVIRONMENT IN TiH{t LARORATORY,
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
7. MODEL TESTED iN SPACE ENVIRONMENT.

1, BASIC PHENOMENA ORSERVED AND REIPORTED,
THEORY FORMULATED TO DESCR!BE PIIENOMENA.

3. THEORY TISTE '3 3 :N
Y TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL

4 PL‘:’:‘}N::I ;g:;i'lno.\' (:n CHA‘R;ACTER'lSTIC DEMONSTRATED, 9, RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
.G, ., CONMPONENT, ETC, 10, LIFETIME EXTENSION OF AN OF'LRATION.AT, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _1G2

w——-————

1. TECHNOLOGY REQUIREMENT (TITLE): ICP _(Data Collection . PAGE 1 OF _5
Platform) Collection Technology

2. TECHNOLOGY CATEGORY:
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Develop continuously available system
for collecting data from DCP's - together with low cost DCP technology.

4. CURRENT STATE OF ART: _Perhaps several hundred DCP's work with SMS and
Nimbus to transmit data.

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OIF TECHNOLOGY

Signals from DCP's are received by satellite, trensmitted to ground and used to
compute position information if needed. On grourd, data is disseminated to
users of each class of DCP. Number of DCP's may be 50,000 in future. Some
stations to be interrogated. Others send data at random times. Data rate of
station may vary from 100-100,000 m'ts per pass. Stations to be located within
1 mile at first, then 0.1 mile. Sensitive receivers, and high EIRP/cost DCP's
needed. Moderate downlink capacity needed. Later version may

have ability to transmit data directly to users(l).

Principal need is to provide service continuously and reliably so
that user community can develop confidence and increase in size.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,[0 B,J c¢/D

6. RATIONALF AND ANAILYSIS:

Meny disciplines, in addition to (or instead of ) remotel served data, need data
from in site, or in place sensors. Examples are tiltmete 3 for earthquake pre-
diction, timber moisture indicators for forest fire prediction, multifunction
ocean buoys, weather balloons, hydrological siream gages, valcendogy temperature
and seismic sensors, etc. Many of these devices must be emplaced in remote
locations where they must operate automatically for long periods of time. These
disciplines are becoming increasingly important as we approach the era of global
resource/phenomenon management. Conventional communication means are wholly
inadequate to provide timely data collection from these platforms. Consequently,
convenient means for collecting data from such systems must be developed.
Current systems are designed with such users essentially as an afterthought to
be main mission and so have not been sufficient to accumulate large user groups.
In the future there will be a need for a continuous reliable data collection
service to help build up a user community. Many potential users are turned away
by the short term nature of the experiments.

TO BE CARRIED TO LEVEL __

]
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

———— ———eu s

i —— —

1. TECHNOLOGY REQUIREMENT(TITLE): DCP Collection Technology PAGE 2 OF 5_

7. TECHNOLOGY OPTIONS:

Low altitude vs. synchronous gives timeliness and synoptic view but makes
radiolocation and low cost DCPs mcre difficult.

Future DCP collection satellites may need to be fairly wideband but not a
problem outside state of art. May need on-board processing at a moderate
level to sort out signals and later may need capability to broadcast signais
to users directly (may relay signal to a data dissemination satellite).

Synzhronous version will require interferometry to determine position of
mobile DCP's.

Low cost, multipurpose DCP transmitter/memory/mul’ciplexer/long-life power
supplies.

8. TECHNICAL PROBLEMS:

The only serious problem will be the development of low cost, high power DCP
transmitters antennas. In the case of balloons, low weight, jet engine-
ingestable. 1In the case of buoys, corrosion resistant. These are user
problems but will be facilitated if DCP collection satellite , designed for
users specifically and operated reliably and continuously, is developed.

9. POTENTIAL ALTERNATIVES:

Current alternatives include collection of data tapes by horseback, hiking,
snowmobiles, buoy-tender ships, etc. Such means are ccstly and sacrifice
timeliness of data.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

SMS /GOES
ATS6 (?)
Nimbus

EXPECTED UNPERTURBED LEVEL __

11. RFLATED TECHNOLOGY REQUIREMENTS:

On-board data processing, navigation/position determination » bossibly wideband
data relay, earth resources data dissemination.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

— —e

=

1. TECHNOLOGY REQUIREMENT (TITLE):

DCP Collection

PAGE 3 OF _2

Technology

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176177

78

79180

81

82]183|84|35[86/87]88]89/90]91

TECHNOLOGY
1, Low cost DCP XMIR

2. Sensitive receivers

On-board Pirocessors

3.
4.
5.

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph. D)

3. Operations

4.
13. USAGE SCHEDULE:
—
TECHNOLOGY NEED DATE TOTAL
NUMBER OF LAUNCHES 1 1 1 1| &

14. REY ZRENCES:

NAS Summer Study
Hughes A/C Contacts

15. LFVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTED,

3. THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,,

E.G., MATERIAL, COMPONENT, ETC.

2, THEORY FORMULATED TO DESCRIBE PIIENOMENA,

4. PERTINENT FUNCTION OR CHARACTERISYTIC DEMONSTRATED,

Data Collection Platform User Document (See Workshop library for doc. no.)

]
1.
(]

]
10

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,
. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
MODEL TESTED IN SPACE ENVIRONMENT,
. NEW CAPARILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.
. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

. LIFETIME EXTENSION OF AN OI'ERATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,
E———————-—_—————e————————ee ey

1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 4 OF 5_

Insitu sensors, or DCP's (Data Collection Platfcrms) hold very great promise,
particularly for augmenting remote sensing systems. Probably the best
compendium on the subject of DCP's is the "Satellite Data Collection User
Requirements Workshop"(Draft Final Report), edited by E. Wolff, et al. at GSFC

on May 21, 1975.

This report outlines literally hundreds of applications for DCPs. In Agricul-
ture they can be used to collect crop forgca.st data and to calibrate remote
sensors; in Biolegy for censusing, population dynamics, and physiological
monitoring; in Ecology for effluent monitoring, climate monitoring, etc;

: Geology can use them for iceberg tracking and statusing of inaccessible inst Fu-

ments; Hydrology can use them to obtain river and precipitation data for a host

PIESY VRS

of hazard alleviation activities such as flood warning and controlsMeteorology

can use them to provide date in a form suitable for automatic weather analysis

techniques; Oceanography can use them for surface truth to calibrate remote
sensors, for weather forecasting and climatology research; Search and Rescue
can use them for locating boats, planes, campers, etc. who are lost or otherwise

in trouble; and Transportation can use them for monitoring the location of

[ N PR

hazardous or valuable shipments, maritime position location, etc.

o an e v

Satellite Data Collection is basically & technique used to monitor unattended

sensory platforms via telecommunications. It should be distinguished carefully

from remote sensing, in which the sensor is remote from the surface character-

N e s

istics being sensed. Iarge numbers of platforms are characteristically used,
. possibly hundreds to thousands, so the cost of each platform must be kept low.

The data rates involved are typically not high - on the order of 100 to 1000

bits per range-rates or doppler, navigation tones, etc. Either low earth

(cont'd)

1



it g

Foor R Beau g

s

Rt O S A R T

i T

BRI K

' DEFINITION OF TECHNOLOGY REQUIREMENT NO,
————— e e
1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 5 OF _5_

*

e

- v

Fhd

orbits or geostationary orbits may be used depending on the power capability

of the stations.

The first satellite data collection system was OPLE (Omega Position Location
Equipment) using synchronous satellites (ATS 1 or 3) in the early 60's, to
locﬁte and collect data from balloons, buoys, mobile vehicles, and aircraft

(a version was modified for search and rescue) -

In the mid 60's the IRIS (Interrogation, Recording and Location System) used
low orbits (Numbus 3 and 4) to collect data from ballocns, buoys, and wild-

life beacons. EOLE was a French system based on the same principle that was

used in the early TO's.

Many users have expressed an interest in direct readout of data to local user
receivers instead of regionai receiving and processing. In the future there
will be a need for greater precision of location, higher date rate systems,

and higher station capacities; presently the capacity is 1-5 km accuracy and
200 stations simultaneously in view. The most important technology development
is undoubtedly lower cost longer lived platforms. There is much need for a

dedicated DCP collection satellite. GSFC is planning a feasibility study for
a dedicated low altitude Datasat to perform this function -- continuity will

be very important.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 163
W
1. TECHNOLCGY REQUIREMENT (TITLE): _Trunking Telephony PAGE1 OF L4
ZIechnology
2, TECHNOLOGY CATEGORY: _Data Process Transfer
3. OBJECTIVE/ADVANCEMENT REQUIRED:Develop technology to permit maximum
- limited orbital spaces and spectrum in providi
communication links to hundreds / thousands of ground stations.
4. CURRENT STATE OF ART: _Intelsat Consortium and a few Domestic Satellite
companies are providing thousands of channels to about a hundred statlions.
HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Multiple beam forming; Pencil (1°) beams to individual stations; digital speech
interpolation (DSI); digital television; intersatellite laser links; instan-
taneous load-assigned switching; demand assigned multiple access technique
multibeam antenns feeds; lens arrays; electronic phased arrays; cheap transport-
able ground antennas; simple, reliable on-board computing for demand-assigned
beam switching; low current switches; efficient forward error correction;
smaller components; highly linear broddband amplifiers.

P/L REQUIREMENTS BASED ON: (] PRE-A,[J A,[J 8,00 C/D

6. RATIONALE AND ANALYSIS:

Trunking communication is highly developed but demand is growing rapidly.
Orbital slots and spectrum are limited. Technology is required that will permit
packing as much comrunications capacity as possible into each orbital slot with-
in the total bandwidth permitted. The future will go to the digital link, so
digital techniques are extremely important. Multiple beams and multiple access
permit efficient frequency reuse. Intersatellite links permit multiple
satellites to be used conjointly in & frequency saving manner. Leas arrays,
electronic arrays, multiple feeds used for instantaneous beam forming. Cheap
ground antennas permit easy user access and flexibility in network forming.
Forward error-correction and coding will make digital interconnection of com-
puters and otler digital transmission uses. Highly linear amplifiers will per-
mit return to more efficient FM. DSI will permit more efficient lower cost
voice.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1a3
1. TECHNOLOGY REQUIREMENT(TITLE): Irunking Ang Telephony PAGE 2 OF _L

Technology

7. TECHNOLOGY OPTIONS:

Arrays vs. multifeeds

laser vs. millimeter intersateliite links

AM vs. FM modulation (given linear amplifier)

Tradeoff on minimum supportable ground antenna

On-board vs. on-ground beamswitching computers

Various types of multipie access

Use of DSI or not (peak-load voice quality)

Many tradeoffs on cross-polarization, multiple-iuterconnected satellites,
beam switching, and other.orbital slot utilization techniques.

Shuttle vs. standard launch.

8. TECHNICAL PROBLEMS:

3 axis stabilization required for larger satellites greater complexity,
reliability problems (potentially)

Digital transmission requires much development

Many multiple access tradeoffs need to be explored

As demand increased existing spectrum/orbits will become increasingly inadequate
calling for even more sophisticated technology.

Y. POTENTIAL ALTERNATIVES:

Ground communication: undersea cables; light pipes, millimeter communication;
microwave towers; hard wires. Note that in the future in the U.S. these
alternative means will be increasingly used for trunking between large cities
with satellites used for "thin route" and "exotic" communication. Overseas,
trunking will continue to use satellites.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Intelsat 5, Marisat, planned domestic satellites will develop many of those
technologies to some extent. Much further development will be required to meet
the expected demand.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Attitude control; structures; date processing; electronic components; antenna
design; user termlnals.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 163 i

= = :‘# o

1. TECHNOLOGY REQUIREMENT (TITLE): _Trunking And Telephony PAGE 3 OF _L_ ¥
Technology

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHFEDULE ITEM 75176 |77178]79]80

81

8;[83 84]35]86]87]88189]90}91

TECHNOLOGY
1. Maltiple beams/switching

2. Digital Television
All Digital Systems

3.
4, DSI
5.

(pencil beams)

APPLICATION
1. Design (Ph. C)

3. Operations

A 72 L TRk T

g g g pE

a.
13, USAGE SCHEDULE:

: i
TECHNOLOGY NEED DATE TOTAL
NUMBER OF LAUNCHES rjrfafraf |2 1 7 :

15,

| ad
. -

14. REFERENCES:

LEVEL OF STATE OF ART

BASIC PHENOMENA OBSERVED AND REPFORTED.
THEORY FORMULATED TO DESCR!BE PHENOMENA,

« THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

E.G., MATERIAL, COMPONENT, ETC,

. NEW CAPARILITY DERIVED FROM A MUCH LESSER

, LIFETIME EXTENSION OF AN OI'LRATIONAT MODEL.

Stk P s e L

A,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT,

OPERATIONAL MODEL.
RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO., __1G3

W

1. TECHNOLOGY REQUIREMENT (TITLE): _Trunking And PAGE 4 OF L
Telephony Technology

Communications represent the connecting links or "glue" holding society
together. Satellites represent a wholly new way, independent of distance, to
perform this function. Many wholly nev communication modes (such as inter-
national television) are now possible. Communication is growing at rates
typified by 4 year doubling periods - ¢ven higher for totally new services.
Unfortunately the total spectrum is limited, as are the number of orbital
positions. Therefore it 1s critical now, and will become much more critical
in the future, to make optimal use of frequencies and orbital positions. The
technologies described here are almost totally devoted to this end.

To the extent that these technologies are developed, communications satellites
will remain a strong competitor to the alternative "terrestrial" technologies
by ¥:eping up with the demand in & cost-effective way. Another dimension of
th: problem represented by these technologies is that of digital communications.
Digital television will permit doubling the amount of TV coming through a
transponder. By 1985 or 1990 over helf of the communications in the national

telephone network will be digital. Communications satellites must prepare for
this flood of digital data.
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. TECHNOLOGY REQUIREMENT (TITLE): _Spectrum Monitoring . PAGE 10F 4

1

DEFINITION OF TECHNOLOGY REQUIREMENT NO, _1Gk

Technology (RFI)

2. TECHNOLOGY CATEGORY:
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Develop components, designs, and

4. CURRENT STATE OF ART: _Some laser experiments on manned missions; DOD

Data Processing and Tranafer

operational techniques for performing communication experiments 3 (with emphasis

on propagation experiments and spectrum monitoring).

has "ELINT" and "FERRET" capability in space; NSA and FCC monitoring on ground.
HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Large, multibeam, wideband (or channelized) array or other antenns arrangment
for scanning at least U.S.Z.I. from orbit to map usage of spectrum by ground
stations, microwave towers, satellites, mobile transmitters-and base stations,
etc.. Array will be deployable. Synchronous orbit over U.S.. Very sensitive
receivers and cool front ends. Relay capability to ground (high data rate) or
to manned orbital communications laboratory in low earth orbit. Should be

able to scan frequencies up to at least 10 GHz in nc greater than 100 H3 windows*

and locate signal sources dgwn to 5 km on earth at 5-band (corresponding de-
crease at lower frequencies).

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,(J B,0J0 c/D

IR TS [ iy Do W e e oo o e om
.

6. RATIONALE AND ANALYSIS:

Usage of the spectrum is already extensive (millions of transmitters in
U.S.2.I.) and growing at up to 20% per year. The spectrum, although
theoretically unlimited, is limited above by component tolerances, power levels
available, propagation losses, rainfall attenuation, etc.. Therefore there 1s
a need for breakthroughs in the management of this precious public resource.

To manage such a finite, but instantaneously renewable, resource will require
dynamic and comprehensive surveillance of spectrum usage at any given time.
This is currently done on & limited scale using signal monitoring vans; e
synoptic view will require satellite monitoring techniques. The requirement
for large antennaes derives from need to locate radio sources fairly accurately.
High sensitivity/low noise derives from desire to pick up faintest possible
signals. It is recognized that very faint signals will be beyond the limits
of the system due to high space losses. System may be invaluable in resolving
space-to-ground and ground-to-space interference problems.

TO BE CARRIED TO LEVEL ___:J
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L DEFIN'IION OF TECHNOLOGY REQUIREMENT NO, Gk

— —— ——— e |
. TECHENOLOGY REQUIREMENT(TITLE): _ Spectrum Monitoring _ PAGE 2 OF %
‘ng?cnnolggg ..

7 TLCHNOLOGY OPTIONS:

Loy “itude with reduced coverage and feic”- ' signals picked up vs. synchronous
ity .. arrays vs. synthetic aperture and v ..+ 3ing techniques

Usz as ‘free flyer with msnned orbitel 1a» .- 4s a manned experiment

Cryosenle frout end

On-toard storage with period readou. t- -« :n3d iab vs. relay link vs. on-boerd

procensing and transmit results

8. TECHNICAL PROBLEMS:

There will be a need for countinuing development of lower temperature, more
sensitive receivers and better arrays to reach ever weaker signals. Tradeoff
studies will be needed to confirm concept and verify that signal coverage will
be adequate. May be problems with high data rate readout or on-board processor.
A serious problem will be finding room on the spacecraft for the wide variety
and large number of antennas, interferometer, and instruments on the earth side
of a vehicle.

9, POTENTIAL ALTERNATIVES:

Alternatives would include (1) not monitoring the spectrum and taking the
consequences of lack of management (already becoming evident) or (2) using
large numbers of aircraft and monitoring vans equipped with sensitive receiving
equipment (which will never provide a synoptic map).

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Nothing is planned for the U.S. in this area in the civilian sector. The DOD
will probably be continuirg its ground, aircraft, and spacecraft-based collection
of electronic data over foreign countries.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Altitude contrcl, structures, station keeping, possibly electric propulsion
(for attaining synchronous orbit), on-board data processing.

REPRODUCIBILITY OF THE

18 ORIGINAL PAGE IS POOR
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Technology

DEFINITION OF TECHNOLOGY REQUIREMENT NO, 1Gk
= =
1. TECHNOLOGY REQUIREMENT (TITLE): _Spectrum Mopitoring = PAGE 3 OF _k

12, TECHNOLOGY REQUIREMENTS SCHEDULE;

CALENDAR YEAR

SCHEDULE ITEM

75

76

77

78

79

80

81

82183]64135|86}87{88]89]90]91

TECHNOLOGY
1. Antenna

2, Receivers
3, On-boerd Processor
4, Relay

5-

APPLICATION
1. Design (Ph, C;

2. Devl/Fab (Ph. D)

3. Operations

OR MATHEMATICAL MODEL,

€. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G.. MATERIAL, CONPONENT, ETC.

OPERATIOMAL MODEL.

4,
L
13. USAGE SCHEDULE:
1
TECHNOLOGY NEED DATE TOTAL
NUMBER OF LAUNCHES 1l 1 2
14. REFERENCES:
15. LEVEL OF STATE OF ART 8. COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ZNVIRONMENT IN THE LARORATORY,

1. BASIC PHENOMENA OBSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.

3. THEORY FORMULATED TO DESCRIBE PIENOMENA., 7. MODEL TESTED IN SPACE ENVIRONMENT.

3, THEORY TESTED BY PHVSICAL £XPERIMENT §. NEW CAPAWLITY DLRIVED FROM A MUCH LESSER

RELIARILITY UPGRADING OF AN OPERATINNAL MODEL.

, LIFETIME EXTENSION OF AN OJ'LRATION.\! MODEL.

119

RN e Db T T

TS W3 S e Yt AT BRSBTS N At

R AR W

TSRS

T

etz 2



a—nmrmns ¢

[y R

DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1G4

1. TECHNCLOGY REQUIREMENT (TITLE): _Spectrum Monitoring _ PAGE4 OF _4_

Technology

Section 6 has outlined the rationale for tais technology, and the other
sections have briefly defined the technoclogy. The mechanism for benefiting

the U.S. is that of conserving and managing a valuable, limited resource,

so that the maximum value comes from its use. Procedures and institutions

for spectrum management now abound, but they are hampered by lack of precise
knowledge as to the ways in which the spectrum is being used or abused. In
the first phase, the proposed system would provide sucb knowledge in a more or
less static sense. In later use it would pave the way for dynamic, almost real
time management of the spectrum. Perhaps the first launch might be a low alti-
tude 28.5° version followed 5 years later by a synchronous version. Tne space-
craft will be essentially a large anteana farm in orbit with a highly sensitive
receiver arrey, possibly some on-board data processing (not present in some
options) and a high capacity data relay either to the ground or to a manned
orbiting lab.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2Al1

Coordination Of NASA PAGE 1 OF _3_

1. TECHNOLOGY REQUIREMENT (TITLE):
Research And Development In Computer And Information Sciences
2. TECHNOLOGY CATEGORY:

3. OBJECTIVE/ADVANCEMENT REQUIRED: Develop knowledge and approaches that
will lead to a significant (10:1) reduction in agency costs for informetion

management (per information unit, per function) by 1985.
4. CURRENT STATE OF ART: _Total NASA expenditures for automated data

. processing are rising: Much effort within the agency 1s devoted to increasing
4
efTiclency and decreasing costs, but 1t 18 00T HAS BEEN CARRIED TO LEVEL NA

Software

5. DESCRIPTION OF TECHNOLOGY

The technology addressed in this requirement is the coordinated planning and
review of agency-wide activities devoted to the development of computer re-
sources and to their application. Included within their scope are:;

a) Software generation and huran-machine interaction: The means by
which computer-based tools are developed and applied.

b) Software management: The means by which the development of
software is planned, its cost estimated and measured, and its
production controlled.

c¢) Functional algorithms: The software tools that perform information
processing tas:is in response to human intentions and requirements.

P/L REQUIREMENTS BASED ON: [ PRE-A,[] A,[J B, ¢/D

6. RATIONALE AND ANALYSIS:

As NASA undertakes more difficult missions, increasing reliance 1s being placed
on computers to handle the steadily rising information-management requirements.
Expenditures for the procurement of data processing equipment and for software
grow year by year and absorb an increasing share of the total NASA budget. All
centers are engaged in a variety of computer-related activities - payroll
accounting, flight software development, information and computer sclence re-
search, algorithm design, and others. There is concern throughout the agency
for lowering software costs, reducing duplication of effort, and sharing
expertise and experience, but there is no single office with responsibility for
directing and coordinating the results of such efforts for the agency as a wholeq
Such an office should be created to bring about the following objectives: 1)
Review all agency computer related tasks and activities; 2) Maintain records of
ADPE expenditures and related efforts; 3) Secure the development of a coordi-
nated plan for research as development in computer and information science in
fields of importance to future NASA goals; L4) promote the lowering of cost

and research. The savings in computer related costs should more than ray the
expenses of such an office.

through selective standardization, shaering of facilities, software, and expertiss

TO BE CARRIED TO LEVEL __
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P DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2Al

1. TECHNOLOGY REQUIREMENT(TITLE): _Coordinatjon Of NASA PAGE 2 OF 3_
Research And Development In Computer And Information Science

7. TECHNOLOGY OPTIONS:

&) Set up a headquarters program office for overall data management coordination.

b) Select lead centers for data management for each major NASA program office,
these to report to a coordinating agent at headquarters.

c¢) Assign responsibillty for coordinating appropriate aspects of computer and
information science efforts to be unified by a responsible associate admin-
istrator.

8. TECHNICAL PROBULEMS:

Creating the appropriate management structure.

9. POTENTIAL ALTERNATIVES:

Postpone action until OMB initiative precipitates such steps or are proposed
here.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Coordination of data management efforts within QA by MSFC.

EXPECTED UNPERTURBED LEVEL NA

11. RELATED TECHNOLOGY REQUIREMENTS:

NASA Network for Computer Facility and Software Sharing
Software Management

Software generation and human-machine interaction
Functional algorithm development
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 241

= qT
1. TECHNOLOGY REQUIREMENT (TITLE): Coordination Of NASA =~ PAGE 3CF _3_

Research And Development In Computer And Information Sciences

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
: CALENDAR YEAR
SCHEDULE ITEM 75176 |77]78|79{80/81}82]|83]|84]35]186{87]88{89[90]u1

TECHNOLOGY
1. Study NASA computer
* efforts
Examine organiza-
* ticnal alternatives

Decision on implemen- v
tation

B s dag

Phased Changes

(%)) > (-] [\V]
.

Change Complete v

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

.
'TECHNOLOGY NEED DATE v TOTAL
NUMBER OF LAUNCHES |NA

14. REFERENCES: i

Outlook for Space

15, LEVEL OF STATE OF ART 8. COMPONENT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

1. BASIC PHENOMENA OBSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.

2. THECRY FORMULATED TO DESCRIBE PHENOMENA. 7. MODEL TES1ED IN SPACE ENVIRONMENT,

3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPANLITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL., OPERATIONAL MODEL,

4. PERTINENT FUNCT(ON OR CHARACTERISTIC DEMONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.,
E.G., MATEKIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2A2

1. TECHNOLOGY REQUIREMENT (Ti "LE): _Software Generation PAGE 1 OF 4 _
And Human-Machine Ipteraction
2. TECHNOLOGY CATEGORY: Software

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Develop methods for prog.amming
and utilization of computers that will contribute to reducing overall .SA

software costs (per Unit of output per activity) by a factor of 10 by 1985.

4. CURRENT STATE OF ART: 1ls a
facilitate human-machine interaction exist. The programming
S C IO as s~ ] O (= () - S v e S D o S

devices to
and use of comput.r

HAS BEEN CARRIED TO LEVEL _

5. DESCRIPTION OF TECHNCLOGY
Two highly related but separable tunctions are included in this requirement:

a) Software Genmeration: Techniques for desiening and developing computer
programs, testing them, verifying their correctness, and maintaining
them. Contributing disciplines include higher-order languages, auto-
mated programming and program verification, operating systems,
compilers and assemblers, data system architecture, structured pro-
gramming, and others.

b) Human-Machine Interaction: Technigues for interfacing human beings
and machines in & congenial and comfortable way so that they can co-
operate to do work. Contributing disciplines include human factors
engineering, time-sharing systems, interpretive compilers, display,

natural language understanding and generation, interactive systems,
and others.

P/L REQUIREMENTS BASED ON: [J PRE-A,(0 A,[J B,[OJ ¢c/D

6. RATIONALE AND ANALYSIS:;

Two major obstacles impede the transfer of human informetion processing
functions (from sorting and computation to language translation) to computers.
One is the conversion of information requirements into sets of instructions that
can be executed by the machine; that is, programming. The other is the process
of interactions between humans and machines that leads to a desired processing
result (which may be a program stored in the machine). Both obstacles reflect
the facts that information processing is, by and large, a complex and little
understood activity of human thought, and that the capabilities of present
machines are limited. Thus in the cooperation of humans and machines to do work,
the major burden falls on the humans. Since computers are fast and their cost is|
falling, the cost of using wachines is predomineantly the cost of human labor to
prepare or instruct them. To lower these costs means moving more responsibility

to machines, thereby increasing the productivity of the human position of the
effort.

A broed attack is being made throughout the world, especially in the U.S., on
the problems described above. Much work is done within NASA. It is not done,
however, as the result of a philosophy and plan of attack developed by the agency]
as a vhole. Among the issues that merit careful and thorough consideration by
knowledgeable software experts within NASA are these:

(continued on page la) TO BE CARRIED TO LEVEL __

RIPRODUCIBILITY OF THE

14  ORIGINAL PAGE IS POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 282

1. TECHNOLOGY REQUIREMENT (TITLE): _Software Generation PAGEle OF 4 _
And Human-Machine Interaction

e -

v SRR g

a) In vhat fields can success in research and development efforts
yleld the greatest benefits to the agency?

b) In what fields does NASA have the talent or expertise to make
a significant contribution to the solution of basic problems?

¢) What should be the size of NASA's efforts devoted to the reduction
of software costs in relation to total software expenditures?

d) Are there advantages to be gained by combining and coordinating
related research and development efforts at different centers?

e) Are there fields in which NASA should initiate work (in-house or
elsewhere) because of the potential cost reduction benefits?

f) Are the results of successful research and development efforts
properly documented and disseminated within the agency?

A comprehensive approach that addresses these questions can do much to insure
that existing efforts asre mutually supporting and productive, that the addition
(or deletion) of efforts is based on a sound rationale, and that the size of
the total program is in proportion to the size and value of the results sought.
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LE DEFINITION OF TECHNOLOGY REQUIREMENT NO. A2

——

——

1. TECHNOLOGY REQUIREMENT(TITLE): _Software Geperation PAGE 2 OF 4_
And Human-Machine Interaction

7. TECHNOLOGY OPTIONS:

a) The content of present agency programs related to this requirement
should be carefully reviewed and a plan prepared for integrating them.

b) Studies should be conducted of the status of work in a number of areas,
and assessments made of the potential benefits of conducting such work
within NASA or applying existing knowledge. Among such areas, these
are suggested:
1) structured programming; 2) automated programming and program
verification; 3) microprogramming (for hardware emulation); 4) display
techniques; 5) human factors in information transfer; 6) natural
language understanding and generation; 7) speech synthesis; 8) inter-
active systems.

8. TECHNICAL PROBLEMS:

a) Developing a comprehensive perspective on - he variety of work conducted
within NASA that relates to the requirement

b) Creating a coordinated program that provides existing tasks with
cohesiveness and direction without stifling imeginative creative
efforts by individuals presently working within NASA

9. POTENTIAL ALTERNATIVES:

Allowing existing offices to fashion programs for software research and
development that meet their own needs.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

OAST has successfully coordinated microelectronics development at IaRC,
MSFC, and JPL into a "Predictable Long-life Components" program.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

NASA Network for Computer Facility and Software Sharing

Coordination of NASA Research and Development in Computer and Information
Scdences

Software Management

Functional Algorithm Development
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2A2

1. TECHNOLOGY REQUIREMENT (TITLE): _Software Geperation PAGE 3 OF

And Human-Machine Interaction

|

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 }77]78179]80

81

82

83|84]85]86}87]88189]90]91

TECHNOLOGY
1. Survey agency R & Din
* relevant areas
Study and consulta-
tion; Software work-
shops
Program Planning

Shaping
Balanced, Goal-

2‘

3‘

4, Fhased Program
5. Oriented Program

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13, USAGE SCHEDULE:

TECHNOLOGY NEED DATE

1
v TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

A Forecast of Spece Technology, Outlook for Space, Management of Informatbn

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED,

2. THCORY FORMULATED TO DESCRIBE PIIENOMENA.

3. THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC,

o a o

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.
10. LIFETIME EXTENSION OF AN OPERATIONAL MODEL,

COMPONENT OR BREADBOARD TESTED IN RELEVANT

ENVIRONMENT IN THE LAPORATORY.

. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
MODEL TESTED IN SPACE ENVIRONMENT,
. NEW CAPARILITY DERIVED FROM A MUCH LESSER

OPERATIONAL MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 2A3

1. TECHNOLOGY REQUIREMENT (TITLE): Software Menagement PAGE 1 OF _‘_‘_

2. TECHNOLOGY CATEGORY: Software

3. OBJECTIVE/ADVANCEMENT REQUIRED: _Reduce the cosgt of software
generation (per unit produced per activity) by a factor of 10 by 1985.

4. CURRENT STATE OF ART: NASA spends probably more than two hundred million

dollars yearly on software production; there is however no agency-wide effort to
improve the efficiency of this process. HAS BEEN CARRIED TO LEVEL 1

-

5. DESCRIPTION OF TECHNOLOGY

Software management as discussed here includes all activities necessary for the
organization, planning, scheduling, estimating of costs, and controlling of
software production efforts. Sofiware production is here considered to include

the processes of design, coding, testing and verification, modification and
maintenance, and documentation.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A, B, C/D

6. RATIONALE AND ANALYSIS:

Despite the fact that software production accounts for a major annual expenditure
by NASA, there appears 1o be no central office within the agency charged with the
responsibility for accounting for these expenditures and promoting efforts
throughou* NASA to reduce them. Because of the diversity of the scope, size, and
application of most software produced by the agency, its production is treated
as a general expense that is to be charged to the program or project that
solicits it. As a result, it is difficult to retrieve information about the
distribution of costs among the various stages of software production (See 5
above). Without such knowledge, the overall efficiency of steps to reduce soft-
were cost cannot be assessed. For example, in some studies it has been found
that the cost of maintenance ("ownership") may exceed the cost of generation and
delivery by a factor of 10, indicating that efforts to reduce sucn expenditures

would yield large dividends.
(Continued on Page la)

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 2A3
1. TECHNOLOGY REQUIREMENT (TITLE): Software Management PAGElaOF 4 _

6. Rationale and Analysis (Continued from Page 1)

In addition to obtaining information about software costs, other efforts are
needed to secure their reduction. Standardization of software tools as
management approaches mey be desirable for certain classes of softwvare pro-
duction efforts (not all) and should be promoted. Efforts to reduce duplica-
tion of effort and to increase the sharing of software and hardware facilities
iy and expertise should be encouraged and supported. Information about advances
s made hy one part of the agency should be widely disseminated. Research and
development likely to lead to reduced software costs should be identified and
1ts support solicited.

R R

% Such steps as are described here are essential in moving toward lower software
¥ costs. Without them, advances made through other efforts -- for example,
through research in information science -- are not likely to be efficacious.
Understanding what is being done is a necessary prelude to making significant
improvements.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2a3

=

—— |
1. TECHNOLOGY REQUIREMENT(TITLE): Software Mapagement PAGE 2 OF l,"__

7. TECHNOLOGY OPTIONS:
The following approaches should be examined:

a) Establishing an informative and useful management information system for the
agercy-wide distribution of software-related costs and efforts; b) Modeling the
software production process to establish useful work-breakdown structures and
cost estimation ratios; c¢) Standardizing selected hardware and software facili.
ties; d) Setting requirements relating to software commandability, transport-
ability, and documentation; e) Promoting the sharing of software and hardware
facilities and expertise among the centers; f) Dstablishing guidelines covering
configuration control, quality assurance, reliability, and maintenance;

g) Identifying research and development efforts with high potential benefits for
software production; h) Studying successful management technigues tested
elsewhere.

8. TECHNICAL PROBLEMS:

Meking the management adjustments necessary to bring about such changes in
approach as are recommended here.

Y. POTENTIAL ALTERNATIVES:

Watcehing total software expenditures rise by a factor of 10 or more over the
next ten years.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Coordinaetion of data management efforts within OA.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

NASA network for computer facllity and software sharing

Software Generation and Humaen-Machine Interaction

Functional Algorithm Development

Coordination of NASA Research and Development in Computer and Information Science
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DEFINITION OF TECHNOLOGY REQUIREMENT

| —=

NO, 243 fJ

o

1. TECHNOLOGY REQUIREMENT (TITLE): Software Mapagement

PAGE 3 OF _4

12,

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75}176177]78]79]80/81}82}83]84

87

1,
2,
3.
4,
5.

TECHNOLOGY

Study Management
approaches for swvc.
Establish management
information system(MIﬁF

Implement MIS

Organizational
changes complete

1,

APPLICATION
Design (Ph. C)

2, Devl/Fab (Ph. D)
3. Operations
4,

13.

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

—
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

Outlook for Space

Boehm, Barry W., "Software and its Impact:

Detamation lq, 48-59, (May 1973).

Kosy, Dan W., "Air Force Command and Control Information Processing in the
Trends in Software Technology,"” Rand Report No. R-1012-FR (June 19T4).

1980's:

OR MATHEMATICAL MODEL.,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.C., MATERIAL, COMPONENT, ETC,

A Quantitative Assessument,"”

15, LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.
1. BASIC PHENOMENA OBSERVED AND REPORTED. 6, MODEL TESTED IN AIRCRA¥T ENVIRONMENT,
2. THEORY FORMULATED TO DESCRIBE PIIENOMENA. 7, MODEL TESTED IN SPACE ENVIRONMENT,
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPAMILITY DERIVED FROM A MUCH LESSER

OPERATIONAL MODEL.
9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.
10, LIFETIME EXTENSION OF AN OJLRATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 244

1. TECHNOLOGY REQUIREMENT (TITLE): Automation Of Ground PAGE 1 OF _3_
Support Functions

2. TECHNOLOGY CATEGORY: Software

3. OBJECTIVE/ADVANCEMENT REQUIRED:_ Reduce the cost of mission-related

earth-based cperations 50% as a contributlon toward lowering the life-cyc.e
costs of uissions 50% by 1985.

4. CURRENT STATE OF ART: _The organizaticn of mission operations and the

tasks vary from mission to mission. Computers are used extensively, but an
aEEreciable fraction gf;ngﬁrations tasks is HAS BEEN CARRIED TO LEVEL ..L

5. DESCRIPTION OF TECHNOLOGY

The ground operations covered include, bu* are not limited to, mission planning,
sequence design and command generation, training of operations personnel, flight
equipment checkout, simulation, and status monitoring.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,(0J B,0J ¢/D

=

6. RATIONALE AND ANALYSIS:

Presently, many ground-support tasks make inefficient use of human beings. As
missions grow loanger in duration and more complex in their objectives, and as
the cost of human labor goes up, the increasing costs of ground support make it
desirable to examine whether or not some of the tasks presently performed by
people could be automated by making use of already existing computer software
facilities and techniques. Alternatively, such methods might be used to extend
the responsibilities of those humans who are involved in mission operations, or
to increase the value of their efforts. It might alsoc be possible in the course
of this effort to identify functions that could be perfor1r:d on the spacecraft
or satellite, relieving or reducing ground responsibilities while delivering an
overall cost benefit. Computers are presently used extensively in all aspectr
of a mission. The intent of this requirement is to take advantage of the

increasing rower of computer systems aprd bring more activities within their
scope.

TO BE CARRIED TO LEVEL _i__‘

LEPROLUCISILITY OF THE
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2A4

ey

1. TECHNOLOGY REQUIREMENT(TITLE): _Automation Of Ground PAGE 2 OF 3
Support Functions

7. TECHNOLOGY OPTIONS:

1) Rely on human effort entirely
2) Automate

3) Automate partially, using computer resources to
enhance and extend human effort

L) Tranefer more responsibility for the present
ground support function to the flight system

8. TECHNICAL PROBLEMS:

1) Determining ihose functions for which automation
is feasible

2) Achieving an efficient and inexvensive software
implementation that hae application beyond one mission

Y. POTENTIAL ALTERNATIVES;

1) Continue the present approaches and accept the
increasing costs

2) Decrease mission operations staffing and accept
increased risa

10. PLAN:"¥D PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
Althcugh automation of mission coutrol functions is often discussed informally

as an objJective worth studying, no systematic efforte to determine ite feasibility
ar2 known.

EYPECTED UNPERTURBED LEVEL _1

11. RELATED TECHNOLOGY REQUIREMENTS:

Software cost reduction

133
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2Ak

1. TECHNOLOGY REQUIREMENT (TITLE): _Automaiion Of Ground  PAGE 3 OF 3

y

Support Functions

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 |77]78]79] 80

81

82]83/84}85 82‘87 88]189490]91

TECHNOLOGY

1 Study of Ground

* Functions
Feasibility assess-
ment pianning
Program Implementa-
tion

Demonstration on a
Shuttle Payload

Lo
.

o e W

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph, D)

3. Operations

4.

15,

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART

1.
2,
3.

4.

BASIC PHENOMENA ORSERVED AND REPORTED.
THEORY FORMULATED TO DESCRIBE PIIENOMENA,
THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATUEMATICAL MODEL.,

PERTINENT FUNCTIOX OR CHARACTERISTIC DEMONSTRATED,

E.G., MATERIAL, COMPONENT, ETC,

. NEW CAPARILITY DERIVED FROM A MUCH LESSER

» RELIARIUITY UPGRADING OF AN OPERATIONAL MODEL,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED IN SPACE ENVIRONMENT.

OPERATIONAL MODEL.

LIFETIME EXTENSION OF AN OI'LRATION.AI, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. _2A5

1. TECHNOLOGY REQUIREMENT (TITLE): Networking For NASA PAGE 1 OF _3_
Computer Facility And Software Sharing

2. TECHNOLOGY CATEGORY: _ Software

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Contribute to 10:1 reduction of
goftware costs by 1985 by decreasing software duplication and promoting
resource sharing.

4. CURRENT STATE OF ART: A_network Jdeveloped by ARPA is operational and

undergoing use and evaluation by a large community. Other networks (for example,
an Nl pet ) ore under development or are HAS BEEN CARRIED TO LEVEL 5

ed.

o. DESCRIPTION OF TECHNOLOGY

In a computer network, selected time-shared computer systems at widely separated
locations ("hosts") are linked together through standard interface processors
and leased high-rate telephone lines. A set of communication "protocols"
established and controlled by the network governs the formatting and transfer of
information from one site to another. Through terminals connected to local
interface units or to message relay centers on the net, users are able to access
files and programs meintained at the host sites and to develop their own files
and programs on the host computer.

P/L REQUIREMENTS BASED ON: [] PRE-A,[] 4,0 8,0 ¢/D

6. RATIONALE AND ANALYSIS:

In an agency as large as NASA, with its many separate offices, centers, con-
tractors, missions, and responsibilities, it is inevitable that there will be s
disparity in the computing resources--hardware and software--provided. This
diversity has its benefits, but it becomes a disadvantage and an obstacle to
efficient performance when several centers must combine efforts to reach a common
goal or to support a common mission. To transfer software developed at one site
for use at another may require translating it from one language to another, or at
least adapting it to the conventions of the local operating system, processes
that are usually expensive and time-consuming. The necessity fcr such conversion
would be reduced if the centers could share designated software and computing
facilities. For programs with broad NASA impact and involvement--for example,
those involving the STS, the benefits would be large. Users could access simu-
ations to determine how their data were to be accessed and delivered to them;
centers with payload responsibilities could ascertain payload compatibility with
shuttle operations over the net.

In time, the use of such a network should reduce the total agency software cost
and facilitate the sharing of general purpose software resources. Such sharing
could also reduce the computer overload at flight centers during critical mission
operations by enabling the jobs of general users to be transferred to compatible

machines at cther installations.
TO BE CARRIED TO LEVEL _'L

B TV
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hE DEFINITION OF TECHNOLOGY REQUIREMENT NO. 2A5

——ye—

1. TECHNOLOGY REQUIREMENT(TITLE): Networking For NASA PAGE 2 OF 3_
Computer Facility And Software Sharing

7. TECHNOLOGY OPTIONS:

1) Establish a NASA network
2) Gain user priveleges on an existing Government network
3) Lease a commercial network

4) standardize computing facilities to facilitate software transfer

8. TECHNICAL PROBLEMS:

1) Adapting existing network technology to NASA requirements
and constraints

2) Establishing a management structure that preserves center capabilities
while enabling adequate and timely service to be provided to other users

3) Establishing an equitable cost allocation amongst the users

Y. POTENTIAL ALTERNATIVES:

1) Continue the present separation of respousibilities and resources

2) Provide for partial sharing of resources for selected programs

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLO%GY ADVANCEMENT:

Not known

EXPECTED UNFERTURBED LEVEL NA

11. RELATED TECHNOLOGY REQUIREMENTS:

Better coordination of center data management activities
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2A5
= —— — ———— —
1. TECHNOLOGY REQUIREMENT (TITLE): Networking For NASA PAGE 3 OF _3 _

Computer Facility And Scftware Sharing

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75]76}77]78]79]80)81]82|83{84]35]|86]87]88]89]90}91

TECHNOLOGY
1. Select networking v
* approach
2. Establish center role
* and management

structure
3. Procure interface 9
hardware

4, Use network on trial —t

5.

basis

Place petwork in full v
operation

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph. D)
3. Operations
4.

3. USAGE SCHEDULE:

.
TECHNOLOGY NEED DATE TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

=~
.

BASIC PHENOMENA OBSERVED AND REPORTED.

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
2, THEORY FORMULATED TO DESCR!BE PHENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT,
3. THFORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL,
4. PERTINENT FUNCT(ON OR CHARACTERISTIC DEMONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OI'ERATIONAT MODEL,
137
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _2BR

1. TECHNOLOGY REQUIREMENT (TITLE): Standard Electronic PAGE 1 OF _3_
Modules For Space Vehicle Paylosds And Ground Support Equipment
2. TECHNOLOGY CATEGORY: Systems

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Significant reduction of electronic
equipment development, acquisition, modification, and maintenance costs through

the disciplines of standard modular construction. At least 3-to-1 life-cycle
~cast reduetion is

exnected .

4. CURRENT STATE OF ART: Electronic equipment is currently fabricated from

parts without discipline of form, fit, and function and is therefore extremely
expensive to develop, acquire, and own. HAS BEEN CARRIED TO LEVEL 5

5. DESCRIPTION OF TECHNOLOGY

The U. S. Navy Standard Hardware Program for submarines and surface ships, the
U. S. Air Force program on Standard Electronic Modules and Standard Avionic
Modules for ground and airborne applications, industrial (Bell System, IBEM)
and consumer (TV) electronics activities are examples of related progress and
endorsement. These programs are showing marked potential for major cost re-
duction. In order to garner these benefits for NASA, one must start with
system partitioning and commonality analysis to determine the proper size and
complexity of functions. Modules are then fabricated and qualified, and fin.lly
equipments are fabricated for demonstration. A management control and
monitoring function must be added for cperational implementation in order to
gain the potential benefits. The technology problem is relatively simple and
inexpensive to solve; the management problems are very demanding.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,0 8,00 ¢/D

6. RATIONALFE AND ANALYSIS:

a) The electronics for a future vehicle such as a Shuttle follow-on, the pay-
loads for all Shutile flights, and the ground support of the flights can all
benefit from this technology advance. Proper design has resulted in 15
minute mean-time-to-repair with semi-skilled personnel (Navy); 2-to-1 re-
duction in development cost and operation transition (Navy and Air Force);
3-to-1 cost reduction in maintenance (Navy sonar). More digitalization, use
of microprocessors, module development and improvement, and mass production
should further improve these ratios.

b) All vehicles, payloads, and ground support should benefit from this
development.

c) Development time for equipment is shortened, reliability (repairability) is
signgficantly enhanced, and parts control problems are eased (by perhaps
10:1).

d) Level 4 must be done by NASA for pianning, Level 5 by NASA to prove poten-
tial, Level 6 by the Air Force, Level 7 by NASA for vehicle and payload,
Level 8 by NASA as demonstration and proof validation.

TO BE CARRIED TO LEVEL 8 _

REPRODUCIBILITY OF THE
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| DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2R
=
1. TECHNOLOGY REQUIREMENT(TITLE): _Standard Electronic PAGE 2 OF 3_

MO e . DRCE Bh

7. TECHNOLOGY OPTIONS:

A spectrum of difficulty exists from ground equipment to mission support to
peyloads to space vehicles. The payloads and vehicles will require space quali-
fication. The other areas can utilize technology and standards generated by
DOD, However, considerable study and analysis is required to determine the
proper utilization of the standards. Another spectrum of technclogy is involved
in defining the complexity of modules and the development level of device
technology. (See the Technology Requirement "Modular Architecture.”) Correctly
partitioned, modules can survive several eras of device techrnoiogy changes and
still retain a single functional description.

8. TECHNICAL PROBLEMS:

a) User acceptance. Many engineers and companies like to express their egos
and gaiu profits through reinvention and minor changes. They tend to resist
any standa-~dization efforts. Therefore it will be important to hold only to
form, fit, and function standards, not to technology.

b) Selection of the proper size, complexity, and pinout of the modules.

c) Maintenance. Generating a maintenance concept and standard BITE or fault
location technique.

J. POTENTIAL ALTERNATIVES:

To make significant reductions of life-cycle cocts for electronic systems,
NASA appears to have few alternatives open other than minor variations on the
module concept .

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Navy and Air Force programs plan to make this technology available in advanced
form for use in high performance aircraft. SAMSO is developing GPS receivers at
Texas Instruments using sir.ilar standard modules. NASA has no known programs to
utilize this developing technology or perturb it to meet 1ts needs.

EXPECTED UNPERTURBED LEVEL ¢

11. RELATED TECHNOLOGY REQUIREMENTS:

For optimum utilization of the potential of SEM's it 1s necessary that consider-
able attention be paid to: 1) modular system architecture; 2) modular software;
3) thermal design; 4) maintenance concepts; 5) system partitioning for fault
isolation and built-in test.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2R

——

1.

TECHNOLOGY REQUIREMENT (TITLE): Standard Electropic ~~ PAGE 3OF _J

Modules For Space Vehicle Payloads And dround Support Equipment

—— ﬂm

12.

TECHNOLOGY REQUIREMENTS SCHELULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 177]78]79]80(81]82|83|84]|35[86]87]88]|89]90}91

1.
2.
3.
4.
5.

TECHNOLOGY
Apalysis and System

Module Definition and

Ground Equipment
Demonstration

Payload Demonstration
Management Procedures -

Partitioning

.

Fabrication

Development

APPLICATION
1. Design (Ph. C)

15,

2. Devl/Fab (Ph. D)
3. Operations
4‘
13. USAGE SCHEDULE:
1
TECHNOLOGY NEED DATE ‘ TOTAL
NUMBER OF LAUNCHES 2 [25]25]25125125 |25]25 |25 125 |25 251 277
14. REFERENCES:;
a) U. S. Dept. of the Navy - Standard Hardware Program
Naval Electronics and Naval Avionics Facility, Indianapolis
b) U. S. Air Force Avionics Laboratory, wright-Patterson Air Force Base,
Ohio; Mclawrance Porter
¢) Hughes Aircraft Co., Culver City, California.
d) Research Triangle Institute, Research Triangle, North Carolina

Hydro-Space Challenges (Consultants), Washington, D.C.

LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT

4.

BASIC PHE § . ENVIRONMENT IN THE LARORATORY,
.HLNOMLNA OBSERVED AND REPORTED. 8. MODEL TE:TED IN AIRCRAFT ENVIRONMENT.

THEORY FORMULATED TO DESCRIBE PHENOMENA, 7. MODEL TESTED (N SPACE ENVIRONMENT,

]

THEORY TESTED BY PHYSICAL EXPERIMENT . NEW CAPARILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL.

P’-'ER:;KNENT FUNCTION O'R CIIA'RACTER.ISTIC DEMONSTRATED, 9., RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.
+G., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OI'LRATIONAY, MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. _2B3

PAGE 1 OF 2_

1. TECHNOLOGY REQUIREMENT (TITLE): Fault Tolerant

Electronic Systems

2. TECHNOLOGY CATEGORY:

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Reliable operation of vehicle and
load electronic ste

Systems

n spite of component failures or software and
transmission errors.

4. CURRENT STATE OF ART; _Systems are built of very reliable ISI components

with redundancy of equipment in vulnerable areas.
HAS BEEN CARRIED TO LEVEL 2

5. DESCRIPTION OF TECHNOLOGY

Considerable research is currently underway in the area of fault tolerant com-
puters. This effort is documented in a recent issue of the Proceedings of the
IEEE. The next required steps are to reduce this theory to practice, for NASA
experiments, and then extend it to whole digital information systems and finally
to whole vehicle electronic systems. Flight controls, engine controls, and
electrical controls as well as avionics will profit from this effort. Bilologi-
cal systems offer analogous behavior that one would like to imitate, as a
possible pattern of future research. The existance of very inexpensive micro-
processors and memory elements suggests that a study made of what a fault
tolerant system would be like, assuming infinite data processing capability
available at zero size and cost, would be extremely valuable. It appears that
operational systems designed for fault tolerance will be possible by 1990 if
adequate support is generated.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,[0 B,0J ¢/D

6. RATIONALE AND ANALYSIS:

a) All shuttle payloads and advanced vehicles need this technology.

want 100% performance for reasonably short periods. Planetary missions must

operate over extremely long periods without catastrophic failures.

Here we

These

c)

d)

are probably different designs dependent on weight-cost tradeoffs.

Since reliable electronics is part of all payloads and experiments, fault
tolerance applies to all.

Done correctly, it is believed that electronics systems can be built to
possess nearly infinite life, based on components at the known reliability
of 2 X 107 hours MI'BF, if maintenance is allowed; i.e., manned vehicles, or
ground support equipment. Theoretical studles would need to be performed
to extend the concept to unmanned vehicles without maintenance possibilities
(Distributed redundancy?)

Since much of the required work is theoretical in nature and leads to system
organization rather than menufacturing techniques, it should be quickly re-
flected in operational systems. The future of electroniecs systems is
directly tied to this area of endeavor, and it is unknown without consider-
able research.

TO BE CARRIED TO LEVEL 7_
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DEFINITION OF TECHNOLGGY REQUIRTMENT NO. 2B3
1. TECHNOLOGY REQUIREMENT(TITLE): Feult Tolerant Electromic PAGE 2 OF 3

Systems

7. TECHNOLOGY OPTIONS:

a) Continue to expend inordinate amounts of money on super-reliable
components and still not have reliable systems.

b) Go to redundancy (2,3,4, etc.) at great cost and throw-weight
increase and still not have reliable systems.

c) Create a fault tolerant system concept and operate for long
periods on a gracefully degrading basis.

8. TECHNICAL PROBLEMS:
a) Develop a mathematical theory of such systems.
b) Simulate, model, and explore such system concepts.

¢) Reduce to practice.

9., POTENTIAL ALTERNATIVES:

As requirements for automation and autonomous operation of more complex missions
continue to increase, there is no known alternative to this area of research.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

The Air Force Avionics Iaboratory is planning to support effort in this area.
JPL has identified an RTOP 506-20-11 which is related or primary to this effort.

EXPECTED UNPERTURBED LEVEL 2

11. RELATED TECHNOLOGY REQUIREMENTS:

Artificial Tntelligence, digital systems, computers, software, coding theory.
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L DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2B3

]

Electron.c Systems

1. TECHNOLOGY REQUIREMENT (TITLE): _Fault Tolerant PAGE 3 OF __3

e

12, TECHNOLOGY REQUIREMENTS SCHEDULE;:
CALENDAR YEAR

SCHEDULE ITEM 75]176]77]78

79180

81

32183]84135]86|87188]|89]90]91

TECHNOLOGY
1. Thecry

2. Computers

3. Digital Systems

4. Systems

5. Demonstration

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:;

d) JPL Proposal for Grand Tour

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND RETORTED.
3. THEORY FORMULATED TO DESCR!BE PIENOMENA.,
3. THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATIEMATICAL MODEL,

E.G., MATERIAL, COMPONENT, ETC,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

a) IEEE Proceedings - Fault Tolerant Computing
b) USAF Project 4159 - Fault Tolerance (work element)

c) USAF Office of Scientific Research, Major R. Bush

» LIFETIME EXTENSION OF AN OI'LRATIONAT, MODEL,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTLD IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT,

NEW CAPANILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
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DEFINITION OF TECHNOLCOGY REQUIREMENT

NO, 2Cl

1. TECHNOLOGY KEQUIREMENT (TITLE): System Engipeering = PAGE 1OF _3_
Techniques Using Modeling And Simulation
2. TECIHNOLOGY CATEGORY: Systems, Software

3. OBRJECTIVE/ADVANCEMENT REQUIRED:_Syvstems ebgipneering on end-to-end
system through the use of modeling and simulation to identify items requiring

technology development.

4. CURRENT STATE OF ART: _End-to-end madeling is currently underway at MSFC
Jith emphasis on system utility optimization,

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Through the use of modeling and simulation of end-to-end systems, system
engineering trades are to be performed on selected system configurations to
allovw not only the determination of near-optirmum system configurations (and
preferred modes of use) but to identify technology "bottlenecks" which require
additional improvement to be cost effective. Cost, throughput, operations,
missions, device, and problem models are to be used to allow all elements of
the end-to-end system to be quantatively considered. The level of modeling
(1.e., global, etc.) shall be only to that level necessary to give the desired
fidelity at the least cost.

P/L REQUIREMENTS BASED ON: [J PRE-A,[OJ A,[3J B,0O c/D

6. RATIONALE AND ANALYSIS:

A relatively inexpensive, flexible (easily and rapidly reconfigurable) way to
perform end-to-end trades (and allow one to optimize 1nformation/aata ratios)
on selected system configurations is needed. With improvements in such system
engineering techniques, several potential advantages are apparent. For example,
projected data rates may well be lowered below those presently thought by some
to be needed. Should such prove to be the case, perhaps certain very high data
rate items would not have to be developed (thereby affecting savings). Through
such end-to-end considerations the technology development could be concentrated
on those elements most urgently (and pragmatically) needed.

.
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TO BE CARRIED TO LEVEL &._-..@
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2C1
1. TECHNOLOGY REQUIREMENT(TITLE): Systen Epgincering PAGE 2 OF 3

_Techniques Using Modeling And Simulation
7. TECHNOLOGY OPTIONS:

o Selected subsystem or element modeling and simulation

o System analyses without simulation or modeling

8. TECHNICAL PROBLEMS:
o Proof of model and simulation fidelity

Tendency to "overmodel" with software

Yy, POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __
11. RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 2Cl N
== ==
1. TECHNOLOGY REQUIREMENT (TITLE): _System Ercineering PAGE 3 OF _3_
Techniques Usinz Modeiing And Simulation
12. TECHNOL.OGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDUL.E ITEM 75176 177178]79|80{81182|83]|84]|35|36|87|88|82|90}91
TECHNOLOGY
1. Model Dev.
2, First Simuletion Y
3, Proof of Models VIVIV] VI == | =f~ 1| -]V
4. Subsequent, Higher
Tevel Simulations TBD
5.
APPLICATION
1. Design (Ph. C)
2, Devl/Fab (Ph, D)
3. Operations
4,
1 l
13. USAGE SCHEDULE:
Ll
TECHNOL OGY NEED DATF TOTAL
NUMBER OF LAUNCHES ;
14. REFERENCES:
REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
15. LEVEL OF STATE OF ART 8. COMPONFNT OR RREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,
1. BASIC PHENOMENA ORSERVLD AND REFORTED. 6. MODEL TESTED IN AIRCRAFT LNVIRONMENT.
3. THEORY FORMULATED TO DESCR!BE PHENOMENA. 7. MODEL TESTED iN SPACE ENVIRONMENT,
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEIL., OPERATIONAL MODEL.
{- PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATERIAL, COMPONENT, ETC. 10. LIFETIME EXTENSION OF AN OI'LRATION \!, MODF1,,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, GST-1
e e T sy

1. TECHNOLOGY RECUIREMENT (TITLE): Transfer Of Space
Power By Microwaves

2. TECHNOLOGY CATEGORY:

3. OBJECT'VE/ADVANCEMENT REQUIRED:_Develop the capability to transfer
commercial y useful amounts of power (5GW) from synchronous orbit to earth hy
means of microwave transmission.

PAGE 1 OF _4%_

1. CURRENT STATE OF ART: _Basic mechanisus (tubes, antennae, power

transmission) have been demonstrated on & very small, select scale.
HAS BEEN CARRIED TO LEVEL _l+_

5. DESCRIPTION OF TECHNOJ NDGY

Studies show that “igh power/efficiency tubes (SKW @ 90%), high gain/efficiency
antennas (92db @ 90%), and extremely accurate pointing (.0050) will be required
to transfer commercially useful amounts of power from space to earth. Further,
these components must be integrated intc a system that will function reliably
for several decades and must be extremely reliable. None of these components
exist today, nor have methods ¢f integration been demonstrated. A development
program, culminating in an orbital demonstration, is proposed.

P/L REQUIREMENT% BASED ON: [®] PRE-A,[] A,(J 8,0 ¢/D

6. RATIONALE AND ANALYSIS:

In May 1975,the Jet Propulsion Laboratory radiated 35Kw of microwave power over
& one mile -ange, using an 85' dish as the radiator and a 45,000 square foot
rectenna as the receptor. Useful power levels and efficiencies were obtained
demonstrating the concept of microwave power transmicsican. In order to be ’

economically viable as a power utility source, a power transmisr an system will
require the following technological advances;

a) High Power Efficiency Tube--The prime space power source may be solar cells,
solar concentrator/Brayton Cycle, or some similar technology and is expected
to constitute the bulk of power station mass. Inefficiencies downstream of
the power source will be reflected in greater mass and cost. Therefore, the
DC/RF/DC conversion efficiency, which is the product of series efficiencie
must o2 held as high as possible, preferably above 60%. To achieve this
level, the tubes must operate above 90% efficlercy. Tae Ampliuron has d=mon-
strated 85%, and studies indicate 90% is achievable in a tube operating at
JKw. To be economically viable, such a tube must also have long life,
lightweight, ani be inexpensive. Ry eliminating the tube envelope, aud
using & new magnet matarial, weight per 5Kw tube can be reduced to about rour
pounds. A cold cathode will(elimigate the predominan:t failure mechanism.

Cont .

-

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. GST-1

1. TECHNOLOGY REQUIREMENT(TITLE): _ Transfer Of Space PAGE 2 OF &

Power By Microwaves

7. TECHNOLOGY OPTIONS:

Development of an economically viable microwave power transmission system
appears to be an extremely difficult task. The discussion of specific approaches
in the previous paragraph treats what appears to be the best candidate on the
basis ol studies so far conducted. However, selection of tube type, power levels)
antenna type, gain, and contrcl may all change as result of an extensive develop-
ment program.

8. TECHNICAL PROBLEMS:

a) Tubes without envelopes cannct be used on earth, and the extreme vacuum of
space cannot be simulated. Concerns such as cathode contamination and tube
start-up cannot be fully allayed until orbital flight test.

b) Antenna gains such as required have not been approached.

Y. POTENTIAL ALTERNATIVES:

Lasers have been suggested as an alternative medium of transmission. However,
tremendous increases in power level, efficiency, and reliability would be
recuired.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Comparatively low levels of development are proceeding in tubes and phase
control.

EXPECTED UNPERTURBED LEVEL _4

11. RELATED TECHNOLOGY REQUIREMENTS:
a) Space processing may be required, at least in final stages such as
outgassing, for tubes.

b) Space assembly will be required for .ntegration of components larger
than Shuttle delivery capability.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. GST-1
1. TECHNOLOGY REQUIREMENT (TITLE): Transfer Of Space PAGE 3 OF &

Power By Microwaves

12, TECHNOLOGY REQUIREMENTS SCHEDULE;
CALENDAR YEAR

SCHEDULE ITEM 75176 77178[79] 80

81

82183184{85[86(87{88]89/90]91

TECHNOLOGY
1. Component Development

2. System Integration

3. System Ground Test

=. Development Flight
5. Go-ahead Decision

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph, D)
3. Operations
4,

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

¥

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTED.

THEORY FORMULATED TO DESCR!BE PUENOMENA,

3, THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

. MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT.

. NEW CAPANILITY DERIVED FROM A MUCH LESSER

OPERATIONAL MODEL.
RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

. LIFETIME EXTENSION OF AN OJ'LRATIONAL MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, GST-1
1. TECHNOLOGY REQUIREMENT (TITLE): _Trapsfer Of Space PAGE 4 OF i#__
Power By Microwaves

b)

c)

d)

(Cont.) 6. RATIONALE AND ANALYSIS:

However, such tubes are thought to be susceptible to contamination in
space. Hence, while the tube development appears feasible, demonstration
(and perhaps final manufacturing processing) in the space eaviromment will
be essential.

Antenna--The antenna efficiency shovld also be about 90%. Common
efficiencies are 55%. Antenna gain requirements are estimated above 90

db, which is much greater than anything now available. These parameters
appear to rule out a dish antenna and indicate a slotted waveguide planar
array with an aperture diameter of 1Km. Such an antenna cannot be launched
directly, but must be segmented into subarrays for Shuttle launch, or be
fabricated in space. Key development concerns are 1) Subarray design for
efficiency 2) Tube/array integration and 3) Subarray tilt cortrol within
0.5  to maintain planar configuration. This last attribute must be demon-
strated in space, under expected dynamic loads.

Phase Control--The electrical phase across the antenna must be controlled
to within 10° RMS. This is the equivalent, at S-Band, of & mechanical
absolute flatness tolerance of Smm. Such a mechanical tolerance is not
feasible. It will be necessary to develop electrical phase control that
will automatically compensate for mechanical distortions. The most
promising approach is active retrodirectivity, in which the phase of an
upcoming pilot signal is electronically conjugated and used as the
reference for phase control in each element. This approach requires con-
siderable electronics, nane of which have been develcped. Those to be
developed must be low in both weight and cost, but extremely reliable.

Rectenna--The rectenna is a combination antenna and rectifier that con-
verts microwave power directly to DC power. It has been demonstra.ed in
hardware, but it requires advances in efficiency and in low-cost
fabrication.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _GST-2
1. TECHNOLOGY REQUIREMENT (TITLE): Radiation Tolerant PAGE 1 OF _3_

Electronic Components And Subsystems
2. TECHNOLOGY CATEGORY: _ Systems

3. OBJECTIVE/ADVANCEMENT REQUIRED: termine the radiation tolerance
of the various semiconductor technologies as they are applied in spacecraft
electronic subsystems.

4. CURRENT STATE OF ART: _Certain technologies have demonstrated varying

degrees of tolerance in laboratory tests using high dosages over short periods

aof time. HAS BEEN CARRIED TO LEVEL 5

5. DESCRIPTION O} TECHNOLOGY

It is necessary that a semiconductor technology for LSI and discrete components
be selected for use in subsystems such that their continued satisfactory per-
formance be assured when exposed to long periods of high energy gamma and
particle radiation. Proper selection of other materials for structural and
shielding purposes 1s also required to minimize secondary emissions.

P/L REQUIREMENTS BASED ON: [J PRE-A,[] A,[0 B,[0 ¢/D

6. RATIONALF AND ANALYSIS:

There currently are a number of semiconductor technologies in existence or under
development and numerous variations within each type. Each has certain charac-
teristics which make it more or less suited to use in spacecraft subsystems.
Some of these such as speed, power, voltage level, density, difficulty in manu-
facture, cost and reliability are well known or can be determined through ground
investigation and testing. One characteristic, though, has not received suffi-
cient investigation and testing, namely the semiconductor's tolerance to high
energy, long duration space radiation. Such conditions are found in the earth's
Van Allen belts, at geosychronous altitudes, during interplanetary transit, and
in the Van Allen belts of other planets.

It is possible to perform limited investigations of these phenomena in the labor-
atory using radiation sources and large particle accelerators. High energy

particles can be obtained for short periods of time and the results extrapolateﬁd

for projected mission times up to 5 years, but actual testing of long-term
effects is not possible due to technical difficulties and high cost.

TO BE CARRIED TO LEVEL T
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DEFINITION OF TECHNOLOGY PEQUIREMENT NO, GST-2

——
— ——

1. TECHNOLOGY REQUIREMENT(TITLE): _kadiation Tolerant PAGE 2 OF 3
Electronic Components And Subsystems

7. TECHNOLOGY OPTIONS:

The technology options open for consideration include bipolar, MOS (including
PMOS, NMOS, CMOS), and I°L. Variations in substrate material, doping materials,
and in processing, assembling, and packaging techniques result in many combina-
tions of the atove.

8. TECHNICAL PROBLEMS:

The development of test support equipment either not susceptible to the radiation
enviromment or whose effect can be measured and removed. Possible alternate
could be the use of a passive spacecraft for recovery after the 3 year period.

9. POTENTIAL ALTERNATIVES:

Establishment of a laboratory facility for the continuous generation of high
energy radiation particles over an extended period of time, approaching years.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL 5

11. RELATED TECHNOLOGY REQUIREMENTS:

Further development of the newer CMOS and I2 L technologies into useful components
for spacecraft application.
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DEFINITION OF TECHNOLOGY REQUIREMENT

=

1.

NO, GST-2

=

TECH:"OLOGY REQUIREMENT (TITLE): Radjation Tolerant

Electronic Components And Subsystems

PAGE 3 OF 3

12,

TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 ]77]178]79]80

81

82

83

84

35

86

87

88

89

90

91

1,
2.
3.
4.
5.

TECHNOLOGY

Dev. Candidate
Components

Dev. Test Support
Hardware

1.

2
3.
4

APPLICATION

Design (Ph. C)

Devl/Fab (Ph. D)

Operations

15.

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:
1., LEVEL OF STATE OF ART
1. BASIC PHENOMENA OBSERVED AND REPORTED,
3. THEORY FORMULATED TO DESCRIBE PIENOMENA,

3, THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATIHEMATICAL MODEL.

4. PERTINENT FUNCT(ON OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMZONENT, ETC,

COMPONENT OR BREADBOARD TESTED IN RELEVANT

ENVIRONMENT IN THE LARORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT,

NEW CAPARILITY DERIVED FROM A HUZH LESSER

OPERATIONAL MODEL.

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.
LIFETIME EXTENSION OF AN OF'ERATIONAL MODEL.
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V. FLIGHT EXPERIMENTS

A. Rationale

Associated with the technology requirements identified in Sec-
tion IV, the Data Processing and Transfer Group analyzed the need
for testing and validation of technological advances. It was de-
termined that only a portion could be adequately brought to a
state of flight readiness and acceptance through ground test.

For some technology areas, adequate simulation of the total
effects of the space environment would actually be more costly
than a space test aboard a shuttle flight. Anything less would
result in an unacceptable risk to major users of the technology.
Furthermore, in certain cases only a space test can provide the
required data, for instance, operations in zero-g. Finally, de-
tailed comparisons of existing flight equipment/technology and
proposed new equipment/technology designed specifically for
space application can be made more meaningful in the environment

in which both operate.
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B. EXPERIMENTS

A total of eleven (11) flight exneriments were selected for
initial consideration in the area of Data Processing and Transfer.
They are listed in Table V-1. Each flight experiment is subse-
quently discussed in narrative form and then documented on form
FT (TDR) 7/75 "Future Payload Technology Testing and Development

Requirement".
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11.

DATA PROCESSING & TRANSFER

FLIGHT EXPERIMENTS
MAJOR THRUST #1 - 1000:1 INFORMATION CAPACITY INCREASE

End~-to-~-End Integrated Data System

High Capacity Ku Band Communication Terminal

Laser Data Relay Link

Communication Technology Experiments

Preprocessor For Multifrequency Synthetic Aperture
Onboard Manned Interactive Multisensor Image Processor

Advanced Teleoperator Vision System
MAJOR THRUST #2 - 10:1 LIFE CYCLE COST FZ. JCTION

Modular Architecture for Data Processing & Transfer System
Automation of Group Support Functions

Radiation Tolerant Electronic Components & Subsystems
SUPPORTING TECHNOLOGY

Transfer of Space Power by Microwaves

(M-Mission Driven)
(0O-Opportunity Driven)

TABLE V-1

2 2 R O B B X
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B.(1) End-to-End Integrated Data System Description

After both ground tests and space tests of the basic elements
of new technology for data processing and transfer systems, it is
proposed that a major portion of a spacelab-type mission be dedi-
cated to flying a data system laboratory. Associated with the
laboratory would be two secondary active satellites, one in the
same orbit as the laboratory with a TBD° phase difference, the
other in a geosynchronous orbit. A ground station would also be
an integral part of the test.

The basic purpose of such a space test would be to test and
validate optimized end-to-end system technology for various space
applications, i.e., earth sensing, communications, deep ice, etc.
Users and potential users would get a first-hand demonstration of
total system response from sensors to final reduced data output.
Manned interaction would be included where automated aspects of the
system for a given application had not reached final maturity. The
iaboratory, therefore, would not be for scientific purposes, but
would basically serve as a technology proving ground.

The laboratory would be equipped with total data systems from
sensors through transmitters/antennas. In some cases 6 parallel sys-
tems or elements would be available for comparative purposes.
Examples:

antennas - range of types for various space applications
transmitters - solid state, high power tube, etc.
receivers - low tem/noise, uncooled, etc.

lasers

both centralized and distributed processors

modular, fault tolerant computers

sensors - range of types for various space applications
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storage devices - tape, disk, bubble, etc.

The two secondary satellites would be active, with power and
stabilization., They would be equipped with state of the art terminals
for the various communication links and selected commandable stimuli
for sensors on the laboratory.

7 A ground station would be required to provide data receiving/
display capability, command uplink, and to serve as a controlled
platform for testing ground-to-satellite remote data gathering
capability. The ground station would be automated as much as pos-
sible to demonstrate minimized human involvement in final data out-
puts and mission control.

In orbit, sensors o{ various types would be stimulated by real
and contrclled inputs. Certain stimuli would be commandable ou the
two secondary satellites and the ground. Sensor data would be pro-
cessed onboard and transmitted over the various RF communication
links. Air-to-ground data would be received and evaluated by the
ground station. Air-to-air data would be received and retransmitted
(bent pipe) back to the laboratory for evaluation. Feature recogni-

tion techniques would be refined through man interaction,

Pows

Analysis would be made on all aspects of systems performance.
Both the laboratory and ground crews would vary system parameters in
controlled modes to determine performance limits. Some in-flight
modification of systems would be possible to correct unforeseen

deficiencies.

o as -
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FUTURE PAYLOAD TECHNOLOGY NO. X.B.I.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF. NO. PREP DATE _8/11/75 REV DATE LTR

CATEGORY _D.a.r.a_.Er.n.ne.s.s_Lng_a.n.d_T.r_a.nﬂie.I__

TITLE _End-fo-Fnd Integrated Data System

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

£ End-to-End Integrated data CURRENT UNPERTURBED REQUIRED

system which Js sutomated/autonomous to

maxipum extent and incorporates op-board date extraction and processing in-
cluding reduction and compression, with a high efficiency, high data rate RE
t—ansmission lipnk(s). For Air-to-Ground and Air-to-Air Data transfer. Output
to ugers should be provided in reduced form in the desired measurement units.
Optimization of system design and use of modular architecture are required to
permit system variations for different space applications, i.e., earth sensing,

communications, deep space, etc. Inkerent in system design will be the optimi-
zation of software (partitioning, management, etc.).

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE
PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS _This advancement will make possible the collection, pro-
cessing and transfer of larger quantities of data from a given payload/space-

an would otherwise be possible. This would therefore permit use of
X sors and more total experiments/sensors on each specific pay-

load/spacecraft

POTENTIAL COST BENEFITS

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS

REQUIRED SUPPORTING TECHNOLOGIES _Development of better on-board antenna

pointing accuracy (final accuracy requirement based on tradeoffs performed
during system development ). ,

REFERENCE DOCUMENTS/COMMENTS _ES-38, Outlook For Space, Executive
Summary Dreft July 1975 Themes 01,02,03,05

FT (TDR-1) 72/7%
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TITLE _ Fnd-to-Fnd Integrated Data System NO.
PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACT TEST OPTION TEST ARTICLE: Erogressive space testing of system elements

—and then & Jlow earth orbit dats system laboratory (manned) with two .econdary .
active satellites (one in same orbit as laborstory with TED© phase dirlference
and the other in geosynchronous orbit.

TEST DESCRIPTION : ALT. (max/min) 350 / 275 km, INCL. 28. § don.TlME hr

Perform demonstration apd tes

major mission application j.e. a.rth sensing, comnm.nications, deej space, etc.

BENEFIT OF SPACE TEST: In space environment with sctusl sepsor data, vehicle .
stabilization[ 'pointing dynamics, remote operation, etc.

EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER kW

POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: Cround station to provide deta receiving/displey commend

up link, serve as controlled platform for remote data EXISTING: YES D NOE:]
—gathering. Highly automated. TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE: Necessary demonstration/testing cannot, be

—performed adequately by ground test.
TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

,
D iU PAS S WP R SRR S U SR DU

10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK CY {81 {82183 |84 85 §5 COST ($) COST ($)
1. ANALYSIS —1
2. DESIGN -t
3. MFG & C/O
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $

FY(1DR-2) //75
160
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B.(2) High Capacity Ku-Band Communications Terminal

Space Shuttle is tasked with providing wide band communica-
tions support for payloads and experimentcs. While the data trans-
fer requirements are not stabilized, one megabit per second on the
forward link and fifty megabits per second on the return li~k, are
generally accepted. Tliese data rates will not satisfy all user
requirements, and it is problematical whether the Shuttle will be
able to implement 1l.nks to handle even these data rates. There-
fore, it appears that a second generation kKu-Band terminal for op-
eration through TDRSS will be required.

A second generation Ku-Band terminal with color TV on the
forward link and 200 megabits on the return link appears feasible
and desirable. Such a terminal would employ an unfurlable dish
antenna with integral transmit/receive electronics. The dish
equivalent size should be about five feet, but it should fit in
the space now allocated for the Orbiter twenty-inch dish. It
would be highly desirable to have the dish and elec:ironics struc-

turally integrated in order to reduce gimbaled weight, while re-

ducing losses and eliminating rotating pressurized waveguide joints.

The proposed terminal will interact strongly with the zero-G/
thermal/vacuum environment of space. Gimbaled weight must be kept
down and thermal properties must be controlled. It will be highly
desirable to gain experience with the terminal in space without
requirirg the payloads to depend entirely upon its reitiability.
Therefore, a series of flight experiments are prcposed in which
the terminal is successively located on Spacelab Pallet and on the
second twenty-inch dish mount. In this way the new terminal can
demonstrate its flight-worthiness without significant risk to the

payload mission.
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FUTURE PAYLOAD TECHNOLOGY NO. _Y.B.2

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
1. REF.NO. PREP DATE REV DATE LTR
CATEGORY

2. TITLE _High Capacity Ku-Band Communications Terminal

3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ARY
CURRENT UNPERTURBED REQUIRED

Integrated Ku-Band Antenne /Electrovrics,
ipcludipeg furlable antenna, solid state
Ku-Band power amplifier, and :ow-noise, image-enhanced receiver/down converter.

4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE _1982
PAYLOAD DEVELOPMENT LEAD TIME _ 1 YEARS. TECHNOLOGY NEED DATE

1980

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS Increased payload ccmmunication capacity through baseline
TDRSS. Specifically, forward-link TV and 200 MBPS return link.

POTENTIAL COST BENEFITS _ With greater bandwidth, fewer flights will be required
to accomplish the same date gathering and transfer.

ESTIMATED COST SAVINGS $

6. RISK !N TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS _Gimbaled mass uinimization, temperature stabilization.

REQUIRED SUPPORTING TECHNOLOGIES _ Fl=xible heat pipes

7. REFERENCE DOCUMENTS/COMMENTS _Users Guide, Outlook for Space, Space Shuttle
— e Systems Description

RTOP 3lQ-20-h6 RF Technology per TDRSS User Spacecraft - OTDA/GSFC
RTOP 506-20-24 Microwave Near Earth Data Transfer and Tracking - GAST/GoFC

RTOP 909-kis-07 Space Communication and Tracking - OMST/JSC

FT\TDR-1} 7/75
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TITLE NO.
PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _Bepefit of 3pace Test: Zero-g test of mass

Ssmen 0 empersa ré COon O

ermal -va @ 8

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr
Test antenna to be carried on Orbiter and used to demonstrate full data

—transfer capability.
BENEFIT OF SPACE TEST: Verification of electromechanical and electrical interfaces

in zero-G/vacuum/thermal environment

EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kw
(6]

POINTING 0.5 STABILITY DATA

GRIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: N/A

existing: Yes [ ] ~no[]

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE: _ Sawxe

TEST DESCRIPTION/REQUIREMENTS: _ Tracking and interface tests with prototype or

—flight article using antenna range.

SPECIAL GROUND FACILITIES: None

EXISTING: YES D NO D

GROUND TEST LIMITATIONS: _Steerable antenna operation is strongly affected by zero-
G/vacuum/thermal environment which cannot be duplicated on earth.

TEST CONFIDENSE

S e Wmax g aee i
» .

’__'—_————-_—ﬁ
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cy | 77|78 79|80]81 |82 |cosT ($) cosT (s)
1. ANALYSIS X -X
2. DESIGN X4--- KX
3. MFG & C/O K- ---X
4. TEST & EVAL X
TECH NEED DATE X
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

Dish-Electronics interface thermal properties and gimbaled mass

COSTRISK $

PERREIR PR, & SPER RN

F1(1DR-2) 775
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(3) Laser Data Relay Link

Planned earth observation or planetary spacecraft employing
high data rate sensors such as-thematic mappers, synthetic aperture
radars, multispectral sensors, or TV imaging systems will generate
data at rates up to one gigabit per second. Current and planned
microwave data transfer systems, such as the Ku band system to be
flown on TDRSS, are limited by physical constraints to data rates
on the order of 200-250 megabits per second. User spacecraft must
therefore provide complex, costly onboard processing of data, or
operate at reduced capabilities, to meet the limitations imposed by
available data links.

Laser systems offer bit rates compatible with the requirements
of future payloads and can eliminate the operational constraint of
limited data transfer capability. A coherent CO; laser system has
been built and operated in a laboratory environment at 300 megabits
per second. 25 centimeter telescopes acting as receivers at both
the receiving and transmitting stations can, in conjunction with
currently available laser tubes, provide sufficient margin to operate
this system from earth to synchronous altitudes. Tracking and data
acquisition requirements have also been examined in the laboratory,
and lock up rates compatible with a synchronous orbit to ground or
low-earth to synchronous orbit data link have been demonstrated in
simulated operations. CO; laser life tests have been conducted, and
adequate operating life (greater than 10,000 hours) has been demon-

strated. Space testing of the laser system is needed to validate

system performance and examine operational procedures and constraints.

The proposed experiment would consist of two phases. The ini-
tial phase would be launch of a laser transceiver on a free-flying

payload at synchronous altitude. The free flyer would be exercised

164

v



—

o s e

| ISR
e - P Pt i s s e e e STEECT R LT VY, TN

with an existing ground station at GSFC to demonstrate up-down high
rate data transfer, to prove tracking and acquisition requirements
can be met, and to establish operational procedures. Assuming the
free flyer phase successfully met its objectives, the second phase
would involve installation of a laser transceiver in a shuttle pay-
load in low earth orbit. This system would then be operated in con-
junction with the free flyer to demonstrate the space-to-space
capability of the laser data relay link and its suitability for use

as the high rate data link in a second generation TDRS syvstem.
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(4) Communications Technology Experiments

The quality of a society is in direct proportion to the quality
of the interactions among members of the society. Communications
provides the principal means of accomplishing such interaction, and
as societies become more far-flung, the required instantaneity and
simultaneity -.ust increasingly be provided by telecommunications or
communication at a distance. Although, at least in the U.S., the
mainstay of this communication network will continue to be the high-
ly developed national telephone network (approximately a $60 billion
investment) the recent advent of the communications satellite offers
the hope of making the familiar long distance telephone call less
expensive, while at the same time making possible entirely new op-
tions for communications, which would be prohibitively expensive,
or even impossible without the satellite.

Ships at sea and mobile vehicles in remote places on the land
can be put in immediate touch with those who remain at home. Air-
craft operating over the oceans can be in direct touch with flight
controllers and derive from satellites accurate information on their
position and that of nearby aircraft. The remotest archeological
team or 0il exploration party will be able to stay in touch with
scholarly communities, data sources and libraries, computers, etc.
Mail will someday be transmitted instantaneously by satellite. Some-

day the continuous process of education will be able to take place

at times and locations convenient to each individual learner, mediated

by satellites, without regard to remoteness from centers of learning.
X-rays of remotely located patients will be transmitted by satellite
to great medical centers where diagnoses will be made by experts.

Entertainment and educational programs will be beamed down not only
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to enhance the quality of life in the U.S. but to make it possible
for anyone in the world to partake of the world feast of knowledge
and culture.

Search and rescue packages will permit authorities to rapidly
find and aid downed aircraft and lost persons in remote areas.

Data may be collected from sensors on inaccessible volcanoes,
permitting prediction of eruption; from stream gages to predict
floods in time to evacuate the populace; from agricultural sensors
to permit control of crop pests; and from climatological and pol-
lution monitors around the world.

Disaster warning satellites may broadcast timely warnings of
tsunamis, tornadoes, severe storms, hurricanes, i1loods, and other
disasters directly to home, office, and neighborhood warning re-
ceivers, thus permiciting large scale saving of lives.

Access to the world's most sophisticated giant computers may
be provided to qualified scientists throughout the world to harmness
the computer's power for the continuing rapid advancement of bene-
ficial science and technology.

In the meantime, the burgeoning satellite technology will have
begun to affect favorably the existing public switched message net-
work. Already it has made possible manyfold increases in overseas
telephony, and has pegun to make an impact on long distance tele-
phone rates.

In the future it may increase our enjoyment and awareness by

making possible a great increase in the frequency of live television

broadcasts of national and international events - a circumstance
that was impossible or prohibitively expensive only a few years ago.

It may make possible a much greater richness of entertainment and
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education through pooled TV programs as in program sharing by CATV
owners.

Carried to its extreme, by the year 2000 such concepts as
personal communications between individuals anywhere in the world
carrying miniaturized communications gear may become feasible.
Simultaneous rapid advances in terrestrial communications technol-
ogy, such as light pipes and cnaxial cables will have released
orbital and spectrum allocations for use in a wide variety of
specialized communications missions tailored to use by individuals
for their education, enjoyment, and social contact.

All the above things are likely to come to pass somewhere.
They can come to pass in the United States if we have the will to
make them happen. The corresponding electronics technology has a
great potential for improving the economy of the United States as
a technology exporter and creating a more favorable balance of pay-
ments in particular.

Communications techrnology is characterized by typical growth
rates of 15-20% per year and more, and by doubling periods of 3 to
5 years. In such a rapidly growing field the competition can be
lost by even momentarily faltering or hesitating in pursuing the
initiative. The U.S. gained an early lead in telecommunications
satellites in the early 60's and must now work hard not only to
maintain it but partially to retrieve it.

The shuttle represents a way to regain the lead. The proposed
shuttle communications experiments will provide the stimulus to a
continuing series of communications technology developments that

may enable the U.S. to retrieve and maintain the competitive edge.

£ePRODUCIBILITY OF THR
ORIGINAL PAGEK I3 PQOR

'_{ﬁ L S L R Y

CeFiety ikakd w et

e R




F R G e — . v -

The experiments are based on four groups of technologies
, direct broadcast/narrowcast, satellite data collection, spectrum

monitoring and telephony/trunking.
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FUTURE PAYLOAD TECHNOLOGY NO. _X.B. 3
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF. NO. PREPDATE 8/12/75 REV DATE LTR
CATEGORY

TITLE _Iesers Data Relay Link

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

_Provide & laser communicatici system CURRENT | UNPERTURBED | REQUIRED
_capable of transferring data at rates 5 5 T

of 300 megabits per second or higher. The system must be competitive in cost

and performance with microwave or millimeter wave alicrnatives, must demonstrate
orowth capabilities to one gigabit per second for future app.rications, and must
‘be able to operate in a low-earth-orbit to synchro. us orbit cata relay link
mode. Engineering prototype systems have been tested in a laboratory environ-
ment . Space flight testing is necessary to validate performance and eliminate
operational unknowns.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE ___1985
PAYLOAD DEVELOPMENT LEAD TIME __ 3-4 YEARS. TECHNOLOGY NEED DATE — 1981

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS _Increacad data transfer rates compatible with EOS and other
jmaging type payloads including planetary images.

POTENTIAL COST BENEFITS

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS _Modylation technigues currently limit the attainable data

—xates for coherent systems. Detectqr sengitivity and lager efficiency need

improvement to increase the link margins for noncoherent systems.

REQUIRED SUPPORTING TECHNOLOGIES _Jong life, space gqualified lasers; advanced
detector technology; laser pumping technigues; modulator/demodulation concepts

and components.

REFERENCE DOCUMENTS/COMMENTS A NASA/DOD Joint Spacecraft Laser Date
Relay Link (LRDL), Volume I and II, GSFC, May 1974

FT (TDR-1) 7/78
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TITLE Iaser Data Relay Link NO

PAGE 2 of 2

COMPARISON OF SPACE & GROUND TEST OPT! 'NS

8.

SPACE TEST OPTICN TEST ARTICLE: _laser data relay link capable of 300
megabits per second operation from syachronous altitude
TEST DESCRIPTION : ALT. {max/min) / km, INCL. deg, TIME hr

BENEFIT OF SPACE TEST: _Demonstrate lager communication system as a high rate data
transfer link

EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW: N0 OPELATIONS/DURATION /

SPECIAL GROUND FACILITIES: _Ground -based receiver /transmitter to exercise system

existing: YEs [x] w~o[T]

TEST CONFIDENCE _0.9

GROUND TEST OPTION TEST ARTICLE: Test laser transceiver in simulated high
data rate application.

TEST DESCRIPTION/REQUIREMENTS: Transceiver operating at maximum date rate with
retroflector to simulate data link.

SPECIAL GROUND FACILITIES: Test range with appropriate telescopes, instrumentation
and supporting equipment to validate system operation.

EXISTING: YES NO D
GROUND TEST LIMITATIONS: Does not test acquisition and tracking problem nor

demonstrate operation in a realistic environment where effects on propagation

can be assessed. TEST CONFIDENCE __ 0.3
_*
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cYy COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG&C/O
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COSTRISK $

F1(1DR-2) 7/78
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FUTURE PAYLOAD TECHNOLOGY NO.__¥.B.4
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 of 2
REF. NO. PREP DATE REV DATE LTR
CATEGORY

TITLE _Communications Technology Experiments

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

Series of direct communication tech- CURRENT | UNPERTURBED REQUIRED

nology advancements:

High power tubes; large microwave arrays; higher frequency components; local

-brogram insertion techniques: on-board gwitching etc.

SCHEDULE REQUIREMENTS FIRST PAYLO. .D FLIGHT DATE __1980-1982

PAYLOAD DEVELOPMENT LEAD TIME __2-3 _ YEARS. TECHNOLOGY NEED DATE _ 1979 _

BENEFIT OF ADVANCEMENT
TECHNICAL BENEFITS More efficient utilization of frequency spectrum

NUMBER OF PAYLOADS _2 &

Better satlisfaction of user needs for communication system

More advanced technology in above areas

POTENTIAL COST BENEFITS _ Much reduced cost of telecommunicatiors, particularly

unswitched applications

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS _Technologies must be demonstrated to convince private

enterprise to risk using them in operational systems

REQUIRED SUPPORTING TECHNOLOGIES Power, navigation, processing and data

bandiips, attitude control, structures

RFEFERENCE DOCUMENTS/COMMENTS _See attached sheet

FT (TOR-1) 7/78
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TITLE NO

PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _ Series of 5 + more or less tightly

bl 0 jca techno experiments as synchronous
free-flyers

TEST DESCRIPTION : ALT.(max/min) Synch. [ Orbit km, INCL. deg, TIME 24 nr

BENEFIT OF SPACE TEST: _Technology verification in space environment + user
familiariration/demonstration

EQUIPMENT: :I)VEIGHT 2000-20,000 kg, SIZE X X m, POWER 2-20 kw
POINTING_Z + 1~ O« DETTET o) 1y DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: Series of user furnished

existing: YEs [ ] ~o[]

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE: DNA

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

———————_——ﬂ
10. SCHEDULF & COST SPACE TEST OPTION GROUND TEST OPTION
TASK CY | 77|78} 79] 80} 81 |82 jcos: ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/O
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL 100M GRAND TOTAL
11. VALUEOF SPACETEST $ _loOM (SUM OF PROGRAM COSTS $ -)
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
_DNA
COST RISK $

FT(TDR-2) 7/78

SRR A R4, - i

2y WV Egeow et

B

" .
PP PR



References ﬁ
Outlook for Space Executive Summary July 1975 §
Technoiogy Forecast July 15, 1975 g
Working Papers and Interim Review {

May 28, 1975 S

. . i ot
National Research Council Snowmass Study | :
November 6, 1974 } \

L

L

i H

i
i
1
}
-
H
H B
3 2
(I
i Y
t N
N b
: i
1 :
4
i
) 3
§
4
,
A
\
&



B B Rt st v et arasan s ¢ e i Ao oy ettt B
. . -

(5) Preprocessor for Synthetic Aperature Radar

Multifrequency wideband synthetic aperaturz radars have been
identified as a technology requirement for future earth observa-
tion experiments. This type of sensor produces very wide band-
width data. Estimates of the required bandwidth run as high as
460 megahertz. The present state of the art in data communica-
tions and storage is incapable of supporting more than a few minutes
of sensor operations per day.

Onboard processing for this data is a necessary rec 1irement for
useful spacecraft apnlications of the synthetic aperature radar.
The only presently viable approach to onboard processing of this
data uses CCD technology to perform range and azimuth correlation
and compression correlation of the multiple-look return data. The
composite superimposed im~ge thus produced is then subjected to
conventional image compression also using CCD's. A potential data
reduction in excess of 100 to 1 can be achieved by such a processor.
Therefore the resulting data rates in the range cf .5 to 5 mHz make

spacecraft application of the synthetic aperature radar feasible.
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FUTURE PAYLOAD TECHNOLOGY NO. _X.B.5
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

REF. NO. PREP DATE _8/8/79 REV DATE LTR
CATEGORY _Systems

TITLE _Preprocessor For Multifrequex;i' wideband Synthetic Aperture Radar

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

] ment of a high speed parallel CURRENT UNPERTURBED REQUIRED

processing system which can be flown in

space as part of a multifrequency, wideband synthetic aperture radar (SAR)
experiment. This preprocessor must be capable of 1) accepting data directly

from the SAR, 2) performing the required preprocessing transforms in resal time,

and 3) formating the transforned data into a format compatible with on-board

data storage and[or down link data communications. Present SAR's have no pre-
processing. Technology deveiopments have begun to be directed toward this

goal.

5CHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE
PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEEDDATE —

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 2
TECHNICAL BENEFITS This advancement will make it possible to operate multi-

_tucation of the down link capabilities of the spacecraft.

POTENTIAL COST BENEFITS __ Trependous savings in ground based data processing,

reducea cost of on-board data transmission components.

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PRCBLEMS _ Extremely high data rate processing required. Resoiution

reguirements Qf the preprogessor.

REQUIRED SUPPORTING TECHKNOLOGIES _ Nevelop. nt of high speed para.lel process.ng
—-£.ements such as programmable CCD's.

-~

REFERENCE DOCUMENTS/COMMENTS _ FT-WP-O"1 (General Dynam'cs) p. €9
_AAFE On-hoard Radar [mege Processor OA/JPL

FTHUTDR 11 7 )y
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TITLE Preprocessor For Multifrequency Wideband Synthetic Aperature NO.

“Kadar PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8.

SPACE TEST OPTION TEST ARTICLE: _SAR preprocessor--possibly having limited

capability such as single frequency, or lower resolution requirements.

TEST DESCRIPTION : ALT. (max/min) 250 / 170 km, INCL. o1 deg, TIME _ 15 hr

Operate preproce<sor with actual data from SAR over ground truth sites ip the
[I S.

BENEFIT OF SPACE TEST: It is essential to test the preprocessors with actual data.

EQUIPMENT: WEIGHT 50 kg, SIZE .5 X 1 X .5  m, POWER .1 kw
POINTING STABILITY DATA___ 1 MBPS
ORIENTATION  Earth CREW: NO. _1  OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: Ground truth sites

EXISTING' YES [ X] . vo[]

TEST CONFIDENCE .8

GROUND TEST OPTION TEST ARTICLE: _Prototype SAR preprocessor

TEST DESCRIPTION/REQUIREMENTS: Operate SAR with oreprocessor from aircraft at
15-20 km altitude.

SPECIAL GROUND FACILITIES: Aircraft, Ground truth

EXISTING: YES 12] NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

e

10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK CY 1 76 177 178 | 79 | 80 COST ($) L COST ($)
1. ANALYSIS — —
2. DESIGN
3. MFG & C/0
4. TEST& EVAL — .
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGR AM COSTS § )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROGABILITY
Di.ficulty in handling extremely high data 4

rate causes .acreased parallelism and cost

COST RISK §

FY (TDR-2) 2175
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V.B. 6 Onboard Man Interactive Multisensor Recognition Processor

The user input requirements as well as the Outlook for Space
project increasing use of earch resources type sensing. The raw
data from most these sensor systems produce a tremendous amount of
high data rate data which in turn taxes data communications and
storage facilities. One approach to coping with the projected
data overload is to perform some of the data processing onboard the
spacecraft. Spacecraft experiments as related to data processing
requircinents can be divided into three categories: 1)those for
which processing algorithms are known and the characteristics of
the data are sufficiently invarient or predictable that automated
on board processing is feasible; 2) those for which onboard pro-
cessing is unfeasible due to the completely unpredictable charac-
teristics of the data or other reasons; 3) those for which pro-
cessing algorithms are known and sufficient uncertainty exists in
the sensor data that successful recognition processing must be
accompanied by man supervised training or direction of the pro-
cessing algorithms., It is this latter category of experiments
toward which this flight experiment is directed. Since many of
the earth resources experiments fall into this categorvy, a size-
able reduction in the space to ground data handling requirements
can be achieved by implementation of such an onboard man-supervised
processor.

The technology around which the processor is fabricated greatly
affects the implementation of such a system. One approach based on
csecently~devzloped ground-based hardware to perfdrm recognition
processing of multi-spectral image data is summarized below. The

heart of the processing system is ¢ high-speed digital pipeline
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processor. The pipeline processor is organized such that the
basic form of the processing algorithm is hardwired into the
pipeline hardware and the detailed implementation of the algorithm
is controlled by constants and control parameters fed to the
pipeline processor by a man supervised control processor. Deter-
mination of the appropriate constants and control functions
requires the introduction and correlation of a certain amount of
ground truth information. It is the supervision of the ground
truth training process and evaluation of the adequacy of previous
training to current data conditions which requires the man-
machine interaction. One of the chief requirements for a flight
experiment of such a processing system is to evaluate the ability

of man to perform this task in a real time space environment.
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FUTURE PAYLOAD TECHNOLOGY NO. X.B.6
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

REF. NO. PREP DATE _8/13/75 REV DATE LTR
CATEGORY _System

TITLE On.haard Man Interactive Multisensor Recognition Pracessor

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

The development and flight verification CURRENT UNPERTURBED REQUIRED

_of a high speed data processor to per- L L 7

form recognition processing of earth resources image data in space. This

processing system will require the development of flight worthy high speed
parellel processing subsystems, High speed burfer storage, Man interactive

—controls and displays, Geperal purpose control computers, and Optimized control
and recognition software.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1983
PAYLOAD DEVELOPMENT LEADTIME ____ 1 YEARS. TECHNOLOGY NEED DATE __ 1982
BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS _1) Reduction in the end-to-end processing time.
2) Capability of selecting useful data in realtime. 3) Multiple use of

sensors. 4) Decreased interaction between experimenter and sensing-processing
_systems.

POTENTIAL COST BENEFITS On-board recognition processing of earth resources data
will greatly reduce the requirzments for and therc¢fore cost of data transfer,

ground storage and processing facilities.

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS _ 1) Operation of perallel processors and buffer storage
_devices at faster than realtime data rates (25 Mie). 2) Training set

-selection and retraining frequency. 3) Efficiency of man-machine interaction
—in realtime environment.

REQUIRED SUPPORTING TECHNOLOGIES ] ) Higher speed parallel processor .:chnology
2) Higher speed and capacity data storage devices (Disc-like) 3) Man-machine

interaction optimization for data processing.

REFERENCE DCCUMENTS/COMMENTS

FT (TOR-1) 721758
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TITLE On-board Manned Interactive Multisensor Recognition Processor NO.

_PAGE 2
COMPARISON OF SPACE & GROUND TEST OPTIONS
8. SPACE TEST OPTION TEST ARTICLE: _Earth resources data processing system
TEST DESCRIPTION : ALT. (max/min) _ 250 [ 170 km,INCL. 57 deg, TIME 16  hr

Data from one or more image sensors will be processed in realtime by the on-
board system and transmitted to the ground for comparison.

BENEFIT OF SPACE TEST: _Evaluation of efficiency and accuracy of realtime earth

resources data processing.

EQUIPMENT:  WEIGHT 1000 kg,SIZE ; X o X 1  m,POWER kw
POINTING 1 arc sec. STABILITY DATA
ORIENTATION Earth CREW: NO._1 _ OPERATIJNS/DURATION _ 25 | @5 br.

SPECIAL GROUND FACILITIES: Image Data Processing

EXISTING: YES vo[C]

TEST CONFIDENCE .8

system.

TEST DESCRIPTION/REQUIREMENTS: Simulation of data generation in realtime and
evaluation of processing efficiency and accuracy.

SPECIAL GROUND FACILITIES: Develcpment of prototype processor

EXISTING: YES D NO D

GROUND TEST LIMITATIONS: __ Difficulty of simulating actual date from multiple

sensors in realtime.

TEST CONFIDENCE )
ey
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cy | 7879|800 {81132 |83 |cosT){|78 |79 |80 |81 |82 |83 |cosTs)
1. ANALYSIS
2. DESIGN
3. MFG & C/O
4. TEST & EVAL e
TECH NEED DATE 7
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PRCBLEM COST IMPACT PROBABILITY

High Speed Processing and Man-Machine Interaction

COST RISK $

1 (1DR-2) 7/75
181
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(7) Advanced Teleoperator Vision System

Discussion

The purpose of this flight experiment is to demonstrate ad-
vanced facilities for augmenting operator vision in the perform-
ance of Shuttle or free-flying teleoperator remote manipulation
tasks. Since these facilities are intended to replace those used
in the first Shuttle and Payload Systems, their demonstration in
space under zero-g conditions and in actual payload deployment or
servicing is considered essential before adoption. Testing of
the vision system on the ground prior to flight tests will be done
in the course of its development; however, the extent to which it
truly aids the Payload Specialist in his work can be determined only
in repeated use.

The improvements offered in the proposed vision system reflect
the addition of processors to the flight equipment that would enable
the following functions to be performed in real time:

(1) Eﬁhancement of predetermined or operator-selected features of
the images transmitted from the remote TV cameras to emphasize those
needed for operator decisions and actions

(2) Bandwidth compression (when appropriate) to improve the amount
of useful or high-resolution detail that can be transmitted over the
available channei.

(3) Generation of displays based on non-visual information, such
as the position of manipulator ioints and their relaiion to other
structural elements, to supplement tne TV data and give the operator

a more complete overview of the worksite
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FUTURE PAYLOAD TECHNOLOGY

&

NO. _X.B.7

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF. NO. PREPDATE _ 8/11/75 REV DATE LTR

CATEGORY _ Software

TITLE _Advanced Teleoperator Vision System

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

Rk oottt kTl Fie Rl At . Sanlds

CURRENT UNPERTURBED REQUIRED

Develcp an advanced vision system for

_teleoperator control of Shutile payload | 4 5 7

operations or free-flying teleoperator servicing of deployed payloads. The

system should have the Tnliowing features:

1) Extraciion and cnhanceuent of worksite features needed for improved

cperator perceplion ot task environment.

2) _Application of hendwiuth compression and scene analysis techniques to

increase conhent of useful jnformation supplied to operator over channel

with limited bandwidth (for IUS).

3) Development of simulation of remote effectc. in task environment to in-

crease operator confidence and efficiency in carrying out task steps.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE _1984

PAYLOAD DEVELOPMENT LEAD TIME .__7—YEARS- TECHNOLOGY NEED DATE 1980

BENEFIT OF ADVANCEMENT
TECHNICAL BENFFITS Increase operator efficiency in performing Shuttle and IUS

NUMBER OF PAYLOADS __ All

—operations and thus i of _tasks that can be performed in a

.glven time; also increase probability of successful task performance without

accident.

POTENTIAL COST BENEFITS Reduce cost per minute of Shuttle and IUS remote

manipulator operations.

ESTIMATED COST SAVINGS $ _ 25%

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS Algorithm and hardware development; software genera*ion

(hy simulator),

REQUIRED SUPPORTING TECHNOLOGIES _ TV image processing; on-board computers;

s~=ne analysis; source encoding.

REFERENCE DOCUMENTS/COMMENTS

FT (TDR-1) 7,75
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TITLE _agvanced Teleoperator Vision System NO

PAGE 2

.
W caamAme e s eimas o e
-

COMPARISON OF SPACE & GROUND TEST OPTIONS
8. SPACE TEST OPTION TEST ARTICLE: _Teleoperator Vision System
TEST DESCRIPTINN ¢ ALT. (max/min) f “m, INCL. _ deg, T'ME hr
BENEFIT OF SPACE TEST: _Compare advanced gystem with system used in first e
flights
EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kW
POINTING STABILITY DATA
ORIENTATION CREW: NO. OPERATIONS/DURATION J
SPECIAL GROUND FACILITIES: Use ground system to compare performance of earthi-based
operator with that of Payload Specialist. EXISTING: YES {:‘ NO D
TEST CONFIDENCE
9. GROUND TEST OPTION TEST ARTICLE:
Some ground tests can be made, but zero-g conditions cannot be duplicated.
TEST DESCRIPTION/REQUIREMENTS:
SPECIAL GROUND FACILITIES:
EXISTING: YES D NO @
GROUND TEST LIMITATIONS: See above
TEST CONFIDENCE
e
10. SCHEDULE & COST SPACE TEST OPTION + GROUND TEST OPTION
TASK l_cv COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/0
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ )
12. DOMINANT RiSK/TECH PROBLEM COST IMPACT PROBABILITY
COST RISK $
FT(TDR-2) 7/75
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(8) Modular Architecture for Data Processing and Transfer
System

To date, the approach to onboard data processing and transfer
systems has been central location of processor memory, I/0, and
software. As requirements have grown,so has the complexity and
size of the various system elements. The need¢ for longer life
systems has posed an additional problem since system elements are
already so complex, fault tolerance and correction cannot easily
be accommodated. Most current approaches to this problem result in
multiply redundant system elements; elements already large and com-
plex. As requirements on the data processing system have increased,
so has the software complexity. Since the software now resides in
a single processor memory, this has given rise to problems in soft-
wdare interaction and difficulty with additions and changes when
they are required. Sophisticated operating systems and programming
languages have become necessary to cope with this burgeoniryg prob-
lem.

With the advent of the microprocessor and other LSI devices,
the opportunity now arises to consider the possibility of distribu-
ting the functions of the data processing system among the user
elements. For example, a processor unit could become a part of a
sensor subsystem along with memory necessary to hold the control
software to operate the sensor, to store the data collected, and
to preprocess the data. Other processor/memory units could be
integrated with T, T§C, Power, Propulsion, and G, N§C systems.
Another processor unit may functior as a controller for the data
bus which wculd interconnect the network of processors and memories.
Once the distributed element and function concept is accepted, many
other possibilities emerge. New concepts in fault detection, toler-

ance, and correction become possible. Reliability and redundancy
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requirements can be approached differently. The total architecture
of the data processing system becomes accessible and adaptable.
Missions fly only what they require and as much as they require.
Designers are not limited to some already designed system with its
predetermined and frequently limited or restrictive capabilities.

It is the intent of this effort to maximize the use of com-
merically developed devices such as microprocessors, memories, and
other LSI devices. The use of such commercial developments will
yield significant cost and time savings. Unique LSI circuit de-
velopments can be minimized. Support hardware and sotftware compi-
lers, cross-assemblers, and documentation are already available.

In addition, there is a potentially large base of experienced de-
signers, programmers and users.

As with other electronic systems of this type, the space en-
vironment does not offer any condition that will either cause a
modular data processing system to behave differently or uncover any
unknown weaknesses. Nonetheless, the extent to which this technology
advancement will affect and moaify existing techniques and systems
may pose a significant question of unproven risk to the project
manager. Therefore, a technology demonstration experiment, possibly
in parallel with an existing technolecgy, may serve to create confi-

dence in thé minds of potential users.
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FUTURE PAYLOAD TECHNOLOGY NO. ¥.B.8
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
1. REF.NO. PREP DATE _8/8/75 REV DATE LTR

CATEGORY _Systems
2. TITLE _Modular Architecture For Ir “a Processing And Transfer Systems

3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART
The basic requirement is that of CURRENT UNPERTURBED REQUIRED
developing a systems technology using 1 T
commercially developed microprocessors and other ISI circuits in a uwodular,

distributed architecture concept. The tecunology will encompass the end-to-
end on-board data processing function including hardware and software.

4, SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1980
PAYLOAD DEVELOPMENT LEAD TIME 2 YEARS. TECHNOLOGY NEED DATE 1218

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS _____

TECHNICAL BENEFITS __ 1) Adaptive system design. 2) Modular hardware. 3) Modular

software. L) Simplified software development. 5) Available support hardware
and software. 6) Existing technical base of design and application knowledge

POTENTIAL COST BENEFITS L) Reduced Jdesign costs. 2) lLess costly to make changes.

3) Hardware costs cut significantly. 4) Software development costs down.

5) Ground support hardware and software available at minimal cost. Er.imated

cost reduction of 10:1 per mission. ESTIMATED COST SAVINGS &

6. RISK IN TECHNOLOGY ADVANCEMENT

TECHIICAL PROBLEMS _ The problem resolves itsei! ‘at ) a straight forwara design
and development task. No risk producing precb..ms are i eseen.

REQUIRED SUPPORTING TECHNOLOGIES  Random and ma:'s uemories.

7. REFERENCE DOCUMENTS/,COMMENTS A Forecast of Space Tech. 3-80-81
_R™OP 506-20-11 "Advenced Digital Data System For Deep Space" OAST/JPL

FT (TDR-1} 7/75
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TITLE

NO

PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION

TEST ARTICLE:

SPECIAL GROUND FACILITIES:

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr
BENEFIT OF SPACE TEST:

EQUIPMENT:  WEIGHT kg, SIZE X X «:, POWER k!
POINTING STABILITY DATA

ORIENTATION CREW:  NO. OPERATIONS/DURATION /

existing: YEs [ ] w~o[]

TEST CONFIDEISE

9. GROUND TEST OPTION

TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

W m
10. SCHED'LE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK Ccy COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG&C/0
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK §

F1(TOR.2) /75

R
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(9) Automation of Ground Support Functions

Description

The purpose of the proposed flight experiment is to demonstrate
the successful automation of selected shuttle (and perhaps payload)
ground support functions. The benefits would be a savings in cos.
for all subsequent shuttle flights for which the same functions were
required. Since the system to be developed would constitute : dif-
ferent method of condurting certain shuttle operatiecns, a flight ex-
periment in which the accepted and proposed implementations would be
compared is considered essential.

The apprc h is to ascertain those aspects of ground operations
which require a low level of human skill and attention, but w>ich
preseatly demand human perceptual or cognitive capabilities, and use
advanced software techniques to automate them or to consolidate them
so that they could be brought under the contr:l of a reduced number
of human operators.

Preparation for the experiment entail:z the following steps:

1. Conducting a study of proposed shuttle operational pro-
cedures and staffing plans. This work should be donec
jointly by uperations planners and by software expcrts

familiar with the status of research in the following

areas:
a. human-machine communication in ratural language
b. speech recognition and speech synthesis
c. problem-solving and planning
d. process-control systems
e. pattern recognition and scene analysis
f. computer-aided instruction
g. data-base management

2., Selecting a number u: aspects of flight contrcl that

lend themselves to automation or consolidation.
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Adapting existing software capabilities to the flight
requirements and to a flight-operations environment for
the selected functions, and providing a reliable and
economical implementation.

Testing the system during actual shuttle flights, but
with it uncoupled from the shuttle system.

Installing the system so that it can be placed in control
during portions of an actual fiight for piecewise com-

pariscn with the accepted systenm.
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FUTURE PAYLOAD TECHNOLOGY NO. Y. B.9
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
1. REF.NO. 2a4 PREP DATE 8/9/75 REV DATE LTR

CATEGORY Software

2. TITLE Automation Of Groupd Support Functions

3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

Reduce the level of human effort

CURRENT UNPERTURBED REQUIRED

required in support of flight cperations. 1 1 2

Lowering of costs by a factor of two is a desired target.

TECHNICAL BENEFITS Increased efficiency and speed of response in selected

4, SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1982
PAYLOAD DEVELOPMENT LEAD TIME _ 2 YEARS. TECHNOLOGY NEED DATE — 1979
5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS __1 or more

ground support functions.

POTENTIAL COST BENEFITS 50% reduction in ground support costs.

ESTIMATED COST SAVINGS $ __Unknown

6. RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS Finding efficient and ecopomical software implementations.

In some cases, automation may require advances in the state of the art.

REQUIRED SUPPORTING TECHNOLOGIES _Compyter and information science; human

factors; communication technology.

7. REFERENCE DOCUMENTS/COMMENTS

RTOP 3iC-40.3¢ Automatic Data Handling OTDA-GSFC

¢ o amenn e o mam e as

FT {TDR-1) 7/75
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ITLE Automation Of Ground Support Functions NO

COMPARISON OF SPACE & GROUND TEST OPTIONS

8.

SPACE TEST OPTION TEST ARTICLE: _ Mission support procedures and costs

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr

BENEFIT OF SPACE TEST: _ Demonstrate cost benefits of automated procedures

EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: _Selected data r.ocessing equipment and programs

existing: Yes [ ] no[]

TEST CONFIDENCE

GROUND TEST OPTION TEST ARTICLE: _Present mjssion support procedures_and
costs.

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES NO D
GROUND TEST LIMITATIONS:

TEST CONFIDENCE

10

“———————%@
. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy COST ($) COST (8)

1. ANALYSIS

2. DESIGN

3. MFG&C/O

4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS § )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COST RISK $ L
f1T01DR M 72/75
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(10) Radiation Tolerant Electronic Components and Subsystems

There currently are a number of semiconductor technologies in
existence, or under development, and numerous variations within
each type. Each has certain characteristics which make it more or
less suited to use in spacecraft subsystems. Some of these, such
as speed, power, voltage level, density, difficulty in manufacture,
cost, and reliability, are well known or can be determined through
ground investigation and testing. One characteristic though has
not received sufficient investigation and testinyg, namely, the semi-
conductor's tolerance to high energy, long duration space radiation.
Such conditions are found in the earth's Van Allen belts, at geo-
sychronous altitudes, during interplanetary transit and in the Van
Allen belts of other planets.

It is possible to perform limited investigations of these
phenomena in the laboratory using radiation sources and large par-
ticle accelerators. High energy particles can be obtained for
short periods of time and the results extrapolated for projected
mission times up to 5 years, but actual testing of long term effects

is not possible due to technical difficulties and high cost.

193

G 1w eaturieate Y

-t

CUNES

o e -,

FENSTIR TSN

s

BYCGOSZAR S

[ PR

s



—

RS R T S S

FUTURE PAYLOAD TECHNOLOGY No. Y- B. 10
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

REF. NO. 3A2 PREP DATE _8/8/75 REV DATE LTR
CATEGORY _Systems

TITLE _Radiation Tolerant Electronic Components And Subsystems

TECHNOLOGY ADVANCEMENT REQUIRL) LEVEL OF STATE OF ART

A determination and demonstration of the CURRENT UNPERTURBED REQUIRED

most suitable semiconductor technology(s) 5 > 7

for use in component development for spacecraft subsystems where the exposure
environment includes high energy radiation and particles over long periods

of time.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1980
PAYLOAD DEVELOPMENT LEAD TIME 2 YEARS. TECHNOLOGY NEED DATE 1978

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS Improved and assured performance of spacecraft and payloads
where the mission involves exposure to the high energy radiation and particles
over long periods of time.

POTENTIAL COST BENEFITS _Reduction in subsystem cost by a factor of 2-3 by the

reduction of redundancy. Additional savings in power and weight will result
in further cost reductions.

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS The development of test support equipment either not
susceptible to the radiation environment or whose effect can be measured and

removed. A possible alternative could be the use of a passive or semi-passive
spacecraft to be recovered by shuttle after approximately 3 years.

RESU!RED SUPPORTING TECHNOLOGIES Further development of the newer CMOS and
I L technologies into useful components for spacecraft testing.

REFERENCE DOCUMENTS/COMMENTS _Fundamental Reauiremepnt for High Reliability
_Systems for Deep Space Operation

FT (TDR.1) 7/75%
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TITLE Radiation Tolerant Electronic Components And Subsystems NO

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _Processor podules, memories, interfaces,
related and other discrete components in a i i ignrations.

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr

Test article should be placed in an orbit to receive the maximum contiguous
dosage from the Van Allen belts. Use of Shuttle-IUS is anticipated.

BENEFIT OF SPACE TEST: _Exposure of the test articles to a prolonged environment of _

high energy radiation and particles.

, . EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER kw
: POINTING STABILITY DATA
: ORIENTATION CREW:  NO. OPERATIONS/DURATION /

: SPECIAL GROUND FACILITIES:

existing: YEs [] no[T]

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE: Same

TEST DESCRIPTION/REQUIREMENTS: Test articles need to be placed in a facility
; where they can receive a high level, continucus dosage of high energy radiation

and particles.

SPECIAL GROUND FACILITIES: Iaboratory containing radiation sources and large

: particle accelerators capable of operation over extended periods of time
: approaching years. EXISTING: YES [T} NO

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

S
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy COST ($) COST ($)

1. ANALYSIS

2. DESIGN

3. MFG&C/0

4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
. COST RISK $ e
: r1(TDR-2) /75
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(11) Demonstration of Space Power Transfer by Microwaves
A synchronous satellite has been proposed which would gather and

transfer to earth five gigawatts of solar power. The proposed trans-

R

fer medium is S-Band microwaves. This would require high power (5 kw),

high eificiency (90%) tubes, an antenna with greater than 90 db gain

at 90% efficiency, and a phase control system capable of pointing the

antenna to within 0.005 degrees. It has been estimated that the un- ,
knowns in this microwave power transfer are as significant as those ‘
in the entire Apollo Program. Therefore, a series of experiments in

space are required which will establish solutions to technology prob-

lems at stages from component to system level.

Specifically, tubes of a no-envelope, cold-cathode type are re- j
quired. Concerns are efficiency, cathode start-up, and long-term :
cathode contamination. The antenna probably will be a planar array
of slotted wave guides. These cannot be carried to space intact,
but must be segmented. Space assembly is a concern, as well as the
ability to control flatness. The phase control system has the basic
problem of maintaining a phase refer..ce across the entire array and
driving the individual elements in the proper relative phases in
order to form and direct a pencil-beam.

The series of proposed experiments should dcmonstrate the in-
dividual components, such as tubes, operating with Spacelab-Pallet,
and lead up to a final test of an antenna system of about 125,000
square feet. These experiments must be coupled with flights demon-
strating the other aspects of the program such as solar cells and
primary structure. An estimated total of fifty Shuttle flights will %

be required to completely flight-demonstrate the total concept.

' REPRODUCIBILITY OI' ilit
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FUTURE PAYLOAD TECHNOLOGY NO. _X.B.11
TESTINnG AND DEVELOPMENT REQUIREMENT PAGE 1

REF.NO. PREP DATE REV DATE LTR
CATEGORY

TITLE _Demonstration Of Transfer Of Space Power To Farth By Microwaves

TECHNOLOGY ADVANCEMENT REQUIREL LEVEL OF STATE OF ART

High efficiency tube/high gain antenns CURRENT UNPERTURBED REQUIRED

integrated system capable of trans-

ferring 5 Gw of power to earth via microwaves. Specifically, 5 KW, 90%
efficiency tubes will be integrated with a phased array antenna with 90}
efficiency and gain in excess of TO db to radiate microwave pcwer to a ground

_rectenna. This flight, experiment will require precursor orbital tests to
demonstrate the individual tubes, antenna elements, and phase control. A

number of Shuttle launches will be required to deliver components to orbit,
and on-orbit assembly will be required. As meny as 50 shuttle flights will
be required through 1985.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1981
PAYLOAD DEVELOPMENT LEAD TIME p) _YEARS. TECHNOLOGY NEED DATE 1983

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS Key element in development of space solar power &S & new

terrestrial energy source. Provides critical irnformation for a mid-80's
national commitment to space power.

POTENTIAL COST BENEFITS __Multiple billions of dollars out of the estimated 50
billion dollars required to provide the first operational power satellite in

1995.

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS  Attainment of acceptable efficiency tubes/antennas,
phase control, and reliability.

REQUIRED SUPPORTING TECHNOLOGIES _ Space processing and orbital assembly.

REFERENCE DOCUMENTS/COMMENTS _ Qutlook for Space, OMSF user input.

FT (TDR-1) 7/78
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TITLE NO.
PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _Integrated system comnsisting of

1) Five KW, »~. envelope tube; 2) Planar array antenna; 3) Phase Control

TEST DESCRIPTIIN : ALT. (max/min) 500 [ 250  km,INCL.  32°  deg, TIME hr

Demonstrate microwave power transmission and reliability

BENEFIT OF SPACE TEST: _Es jal nstratjon of open tubes and phase control
in a fleaible structure

EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER kw

POINTING STABILITY DATA

ORIENTATION CREW: NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: Rectenna elements distributed properly in order tc sample
beam distribution. EXISTING: YES D Nom

TEST CONFIDENCE .95

9. GROUND TEST OPTION TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS: _ Certain elements of the program, such as static phase
control, could be demonstrated. However, open tubes and dynamic structure/

phase interaction could not. TEST CONFIDENCE 30%
w
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cv | 7, | 80|81 82]83 |8y [cosTis) COST ($)
1. ANALYSIS  ---1-- X
2. DESIGN X-f--4X
3. MFG & C/0 X---1X
4. TEST & EVAL X--p-X
TECH NEED DATE .
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS § )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

Qpen microwave tubes

COST RISK $

FT(TOR 2} 7/75
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VI. CONCLUSIONS AND RECOMMENDATIONS

The product generated by the Data Processing and Transfer Study
Group is the identification of technology requirements (Table IV-1)
and flight experiments (Table V-1) which will meet the user community
(OA: OMSF: 0SS § OTDA) needs and those suggested in the rezport of
the Outlook for Space study.

The technologies and flight experiments in need of development
fall into 12 groups: (lA) High Data Rate Processing; (1B) Informa-
tion Extraction § Data Compression; (1C) Wideband Information Trans-
fer; (1D) High Density, Low Cost Storage; (lE) Modular Architecture;
(1F) Manned Interaction; (1G) Communications; (2A) Software; (2B)
Electronic § Mcdular Structure; (2C) End-to-End and (GST) General
Supporting Technology. The needed technologies and flight experi-
ments generally serve two major thrusts.

(1) 1000:1 increase in end-to-end information handling

(2) Life-cycle cost reduction of 10:1

Extensive technology development is in progress as shown by
Table VI-1. These efforts, and the technological advances advocated
by this study group, affect a broad spectrum of candidate objectives
for future space activities. These developments will not only demon-
strate feasibility and economic viability of quite complex missions

and systems but significantly reduce ihe cost of accomplishing many

specific objectives in space.
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Legend Technology Description RTOP
1A% %a Handling & Processing Techniques 310-40-25
1A5 Computational Req. Def. for Data Handling & Processing 310-40-38
1A6 Information Processing, Analysis & Display 656-42-01
1A7 Parallel Image Processing 506-20-14
1A8 Hybrid Di~*tal/Optical Processing Technology 656-23-01
1A9 Optical-Digital Processing of Multi-Spectral Data 177-32-81
1A10 Automatic Data Handling Tech. Dev. 310-40-36
1g2 Data Compacking Technology 175-31-42
1B3 Data Compression & Error Protection 177-25-41 M
1BL4 Data Handling & Processing Techniques 656-11-02
1BS Conceptual Design of OOE@HmmmHOU\wmoobm&ﬁcoﬂ.Ob

Hardware/Software System 656-xx
1B6 Video Compression Technology Dev. & Demo. 650-60-10
1C5 Outer Planet Probe Telecomm- 186-68-75
1¢6 Microwave Power Amplifier & Low Noise Preamplifier 506-20-24
1cT High Date Rate Transfer & Tracking 506-20-32
1c8 Deta Link Tech. Development, 20-200 GHZ 200-1000 GHZ 656-60-11
1C9 Far In 'R Masers 650-60-12
1C10 Tracking & Data Relay Systeus Development 310-20-20
1Cll Ground Station Antenna for Wideband Transmissions 210-20-31
1cl2 Control System Development for lLarge Tracking Antennas 310-20-32
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Advancec Methuls for Data Base Management
Data Management

Conceptual Math. Models for Processing, Display &
Management of lLarge Data Bases

Research Leading to the Development of an Useful Earth
Observation Data Management System
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